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"COMPA X” 
a new idea in Measurements 


Here's evidence. Science and 
Industry look to Coleman for 
leadership in pH measure- 
ment. The new “Compax” is 
so modern in concept, so 
advanced in design that it sets a new 


standard for laboratory instrumentation. 


ask for Bulletin B-225 


COLEMAN MODELI18 


Here’s more evidence. The Coleman Model 
18 AC line operated pH Electrometer is so 
stable, so carefully protected against moisture 
and power-line changes that instrument drift 
is not a factor in its accuracy! 


ask for Bulletin B-221 
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Actual, Sot Analysis- 


& important 
advantages of 
‘Baker Analyzed!’ 


= 0 we 


Reagents 


ACTUAL LOT ANALYSIS 
saves you time 


HIGH CHEMICAL PURITY 
helps you achieve 
precision 


NEARBY DISTRIBUTORS 
insure quick availability 


CONVENIENT PROTECTIVE 
PACKAGING insures 
safe, easy handling 


ECONOMICAL CASE 
DISCOUNT PLAN 
saves you money 


BROAD REAGENT LINE 
meets all your needs 


of & advantages of 
‘Baker Analyzed REAGENTS 


>>> Study this label. Compare it with any other brand, or with the 


Baker Specification Catalog. You will immediately observe two things that 
are important to you. 


First, the ‘Baker Analyzed’ label gives you an actual analysis of the specific 
lot—not just a listing of maximum limits of impurities. 


Second, in ten of the thirteen tests purity is higher than required to 
meet specifications. 


Seeing the difference on the label is only a part of the story. When you are 
making analytical determinations, or working on research projects, it is 
knowing the difference that is vitally important. 


The actual lot analysis gives you facts—saves you time—gives you confidence 
as you make your calculations. 


Telephone any good Laboratory Supply House and say, “Send ‘Baker 
Analyzed’ Reagents.”” They cost no more, but they give you more. 


FREE to Analytical Chemists. The widely read quarterly, 
CHEMIST-ANALYST, is yours, free. If you are not on our mailing list, write. 


J. T. Baker Chemical Co., Executive Offices, Phillipsburg, New Jersey. 


Hake Baker Chemicals 


NO REAGENT + FINE + INDUSTRIAL 
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A. H. T. CO. 
SPECIFICATION 


ANALYTICAL 
BALANCE 


Model H-1 








A dependable, low-priced Balance, of 
simple and durable construction for use 


in educational or industrial laboratories 








ANALYTICAL BALANCE, A.H.T. Co. Model H-1. An im- _ stirrups and stirrup rests, so that erecting and cleaning can be 
proved execution of a time-tested, simplified design, without accomplished quickly and with minimum danger of damage 
drawer in base, intended for use in industrial or educational to the delicate parts such as agate knife edges, etc. The rider 
laboratories for quantitative analysis. Especial attention carrier is mounted on a slotted rod of Duralumin and will pick 
has been given to the design of the beam, beam support, up and accurately adjust the rider without striking the beam. 


@ | SENSITIVITY—1/10 milligram with full load. Adjusted so that the change of weight of 1 mg on the pan deflects the pointer on 
the scale at least 2'% divisions with full load. 


@ | CAPACITY—200 grams in each pan. 


@ | CASE—Of mahogany, with counterpoised front door, circular level and leveling screws, but without drawer in base. Overall 
dimensions, 16/2 inches wide X 16 inches high X 9¥2 inches deep. 


@ | CENTRAL PILLAR—Of brass, polished and lacquered, 11/16-in. diameter. 


@ | BEAM—Of hardened aluminum, 6 inches long, with oxidized black finish. Graduated in white on both sides of central knife edge 
from 0 to 5 mg in 1/10 mg divisions, using a 5 mg rider. 


@ | RIDER CARRIER—Mounted on a slotted rod of Duralumin; will pick up and accurately adjust rider without striking the beam. 


© | KNIFE EDGES AND PLANES—Of agate throughout. 





@ | RELEASE AND ARREST—The beam and hangers are released by a single action device making the contact of the central knife edge 
simultaneous with the contact of the end knife edges and bearings. The construction of the arresting device is simple and rugged, engaging 
and supporting the beam and hangers free of any contact with the knife edges and bearings, thus preventing any possible damage while 
loading and unloading the pan. 





@ | POINTER SCALE—-Of ivory, recessed so that the end of the pointer moves 


in the offset in the same vertical plane as the division on the scale, thus 1812. Balance, Analytical, A.H.T. Co. Model H-1, as above 
avoiding errors of parallax. described, with two 5-mg riders but without weights. . . 99.00 

= : : Net weight........ arene hae ree . 12 Ibs. 

@ | PAN ARREST—Self-locking, adjustable push-button type. Ghetin wid. ion as ae oe: ae 
@ | PANS—Of polished Duralumin, 2/2 inches diameter. Ee cd cc, Si o's osns wine ae Gwe sere . Aoaot 


5% discount in lots of 6; 


-_ ; , . 1“ : : 
ARCHES—Of polished Duralumin, height 7 inches, spread 4 inches. 10% discount ia tote of 12 or more. 








@ | RIDERS—Each balance is furnished with two 5-mg aluminum riders. 


ARTHUR H. THOMAS COMPANY 











SYMBOL OF QUALITY 
A. H.T. co. 
SPECIFICATION 

LABORATORY APPARATUS 











Laboulory Ayparalus and Seeagents 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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CHEMISTRY 





PHYSICS °e METALLURGY e 


CHEMICAL PROCESS. 
MACHINERY 


New Second Edition 

by E. Raymonp Ruiece., Formerly 

Professor of Industrial Chemistry, 

University of Buffalo 
This new, greatly enlarged edition brings 
Riegel’s widely-adopted work abreast of 
latest developments in the equipment of 
the chemical and process industries. 
Scores of new diagrams, photographs and 
tables make the construction and opera- 
tion of recently employed machinery read- 
ily understandable to students and lay- 
men as well as to engineers. 

Classification of equipment by function 
gives the discussion a natural and logical 
organization which will appeal both to 
students and to practicing engineers. 
Extensive references and thought-provok- 
ing problems at the end of each chapter 
contribute to fullest understanding of the 
subject matter. 


1953 740 pages 


THE FURANS 
ACS Monograph No. 119 

by A. P. Duntop and F. N. Peters, 

The Quaker Oats Company 
This is the first complete treatment ever 
published on the subject. ..an important 
source of ready information on the be- 
havior and applications of all furan types, 
including industrially important furfural. 
Two convenient sections deal with the 
chemistry of furan compounds, and with 
the industrial applications of furfural and 
its derivatives. Separate chapters describe 
such chemical uses as nylon, lysine, di- 
hydropyran, solvent applications and uses 

in the resin field. 

1953 


$12.50 


875 pages $18.00 


INDUSTRIAL CHEMISTRY 
Fifth Edition 


by E. Raymonp Riecet, University of 
Buffalo, and a large number of collab- 
orators. 
Covers the plants, equipment, machinery, 
materials and processes in over 50 indus- 
tries. 

Gives you a picture of each industry, 
process or installation, such as you might 
gain in a personal plant visit in which you 
study all operations from basic chemical 
reactions to finished products. This new 
edition has been largely rewritten, ex- 
panded and brought up to date. Chapters 
on Glass, Rubber, Industrial Gases, Water 
and Sewage, Explosives, Military In- 
cendiaries, Cane Sugar, Petroleum and 
Photographic Goods are entirely new. 
Additional new material includes sections 
dealing with antibiotics, the new organic 
insecticides and fungicides, the utilization 
of wood, novel methods of the application 
of dyes to fiber, atomic energy and others. 

Deservedly the leading college text. 
Riegel’s Industrial Chemistry is used in 
hundreds of chemical and chemical engi- 
neering courses. 


1949 1,020 pages 350illustrations $8.00 


MATERIALS ENGINEERING @ 


MATERIALS ENGINEERING 


REINH OLD 








TEXTILE, FIBERS, YARNS 
AND FABRICS 


A Comparative Survey of Their Behavior With 
Special Reference to Wool 
by Ernest R. Kaswe tt, Fabric Re- 
search Laboratories, Boston 
Based directly on the research results of 
over 400 investigators, this eagerly- 
awaited book is the first to evaluate the 
engineering, physical and chemical be- 
havior of textile fibers, yarns and fabrics, 
both natural and synthetic. 

The first part of the book deals with the 
intrinsic properties of the fibers them- 
selves. In the second section, the rela- 
tionships of these properties to fundamen- 
tal fabric requirements are explained in 
unusual detail. All fibers, including such 
recent synthetics as Dacron, Vicara, X-51, 
are fully discussed. 

1953 450 pages 


INDUSTRIAL WASTES 


Their Treatment and Disposal 
ACS Monograph No. 118 

edited by Wittem Rupowrs, New 

Jersey Agricultural Experimental Sta- 

tion 
This monograph by 18 experts offers a 
thorough, completely up-to-date study of 
the disposal problems of meat packing, 
leather, pulp and paper, coal and other 
industries. 

The physical, chemical and biological 
considerations of each type of problem are 
developed in full detail. You'll find com- 
plete information on the scope of the waste 
treatment problem in general, the basic 
principles of stream pollution and self- 
purification, and modern views, theories 
and applications of individual treatment 
problems. Ample attention is also given 
to the volumes and characteristics of 
wastes and to the recovery of by-products. 
Recent developments, including radio- 
active waste treatment, are given special 
emphasis. 
1953 


$11.00 


500 pages $9.50 


ORGANIC 
PROTECTIVE COATINGS 


edited by WILLIAM VON FiscHER and 

Epwarp G. BosBaALek, Case Institute 

of Technology 
Emphasizing specifically the problems of 
formulation, specification and application 
of organic coatings, this much-needed new 
book describes the fundamental theory and 
practice of paint as an engineering mate- 
rial. 

Although no attempt is made to cover 
exhaustively all the amazing advances al- 
ready made in the field of coatings, many 
selected examples are considered which 
illustrate the manner in which everyday 
problems are approached. It will prove 
exceptionally valuable as a textbook for 
advanced courses in paint technology and 
formulation, as well as being a very useful 
reference source for manufacturers and 
users of paints, varnishes and lacquers. 
1953 384 pages $7.50 


Send for Copies on Examination 


CHEMICAL ENGINEERING 


CHEMISTRY 





FOAMS: 


Theory and Industrial Applications 


by J. J. Brkerman, in collaboration 
with R. B. Bootu, J. M. Perrt and 
C. C. Currre 


This highly important new book is the 
only complete treatise on the subject of 
foams. It critically reviews the world 
literature on foam and offers an up-to-date 
treatment of its physical chemistry and 
many industrial uses. Such phenomena 
as foam formation and structure, foam 
drainage, and the mechanical, optical and 
electrical properties of foams are discussed 
in full detail, with appropriate emphasis on 
physical chemical concepts. 

Subsequent chapters describe many im- 
portant applications of foams in such 
fields as fire-protection and froth or ore 
flotation, and give valuable information on 
the chemical destruction of foams. 


1953 345 pages, illustrated $10.00 


HYDROCARBONS FROM 
PETROLEUM 


ACS Monograph No. 121 

by Frepertck D. Rossini, Bev- 

ERIDGE J. Marr and ANTON J. STREIFF, 

Carnegie Institute of Technology, 

Pittsburgh, Pa. 
The results of more than 300 man-years 
of work performed by the American 
Petroleum Institute Research Project 6 
are reported in this important new mono- 
graph. Information previously scattered 
over 140 technical and scientific publica- 
tions is presented on: the composition of 
petroleum; the fractionating and analysis 
of hydrocarbons; the development and 
operation of apparatus for fractionating by 
distillation, extraction, adsorption and 
crystallization; purification and _ purity 
determinations of hydrocarbons; analysis 
and measurement of physical properties of 


hydrocarbons; and a vast amount of 
other valuable data. 
1953 Approximately 600 pages $18.50 


PRACTICAL 
CHROMATOGRAPHY 


by Rosert C. BrimLey and FREDER- 
ick C. Barrett, Low Temperature 
Research Station, Dept. of Scientific 
Research, Cambridge, England 
Here, for the first time, is a concise 
factual introduction to chromatography 
which includes all the latest methods, 
equipment and important applications. 
It covers the paper, adsorption, 1oD- 
exchange and partition methods of chro- 
matography, together with the most recent 
apparatus; gives first the techniques of 
the method under discussion, then the 
applications to chemical and biological 
research. Detailed instructions and dia 
grams are provided for setting up chro- 
matograms which may be used for rapid 
identifications of reactions and hydrolyses, 
and for purity determinations. 


1953 128 pages, illustrated $5.00 





REINHOLD PUBLISHING CORPORATION + Dept. M-572 + 330 West 42nd Street, New York 36, NW. '. 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIALS AND METHODS, PROGRES- 
SIVE ARCHITECTURE, Scientific, Technical and Architectural Books, and Advertising Management for the American Chemical Society Publications. 
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COLORIMETRIC AND TURBIDIMETRIC 


For Use In: 
© Chemistry 
© Biology 
e Metallurgy 
© Color Analysis 
\ * Bacteria Count in 
. Micro - biological 
+: Tests 


¢ pH Determination 





LABORATORY 
MODEL 401 


LUMETRON 


Photo- Electric 


COLORIMETER 


The Lumetron 401 is designed for the prac- @ Built-in Stabilizer of High Efficiency. 

tical requirements of analytical labora- @ Sliding Tube Carrier and Sealed Photocell. 
tories, production control work, and educa- @ Operates from Power Line and Battery. 
tional institutions. Because of its simplicity 

of operation, it is especially suited for The Model 401 is built into a strong welded 
routine tests. However, its extreme accu- steel housing with attractive light gray 
racy also makes it highly desirable as an hammertone finish. Plexiglas cover for 
exacting scientific tool for research work. protection from dust and dirt. 


For complete details # A ~ A \ ) } () M PA \ Y 


write today for i 754 W. Lexington St. 
descriptive bulletin o/ Chicago 7, Illinois 
No. 409 
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a new and original 
device which 
vividly demonstrates 
crystal structure 
in three dimensions 


®@ Teachers, students, crystallographers, 


physicists, metallurgists, and chemists can 
now construct quickly and easily any of the 
fourteen possible space lattices in the six 
crystallographic systems, showing clearly 


H-51630—Harshaw Crystal Model Kit.* Price per 
Ute 2 Ok 6 es SS - +» - $8.80 


For one or two sets please attach check or money 
order and mail to Harshaw Scientific, 8920 Laisy 
Avenue, Cleveland 4, Ohio. 


For three or more kits, order in your usual manner 
from the branch nearest you. 


Price per Kit ( 3 to 23 Kits) ...... $8.00 
Price per Kit(24 or more) . . ..... $7.50 


Above prices are transportation prepaid and allowed. 


Accredited college or university book stores inquire 


for quantity discount. 
*Patent Pending 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO 
CLEVELAND 6, OHIO 





the actual packing of the atoms or ions in 
the unit cell. Once assembled, the model 
can be left in that form or disassembled 
and a new and different structure built. 


Represent the 


following Crystal Structures 


in Space CUBIC 


TETRAGONAL 
HEXAGONAL 
RHOMBIC 
MONOCLINIC 
TRICLINIC 





Please mention CHEMICAL EDUCATION when writing to advertisers 





oe “Few standard texts 
discuss the pH meter and 
almost none give detailed 
experimental procedures.’— 


Journal Chemical Education 
Vol. 28, Page 252. 





iF 
> A recent survey reveals 
that more Beckman pH meters 
are used by educational and 
industrial laboratories than 
all other makes combined. To 
help you reduce time-con- 
suming classical procedures to 
a minimum—yet thoroughly 
train your students for work- 
ing with Beckman pH equip- 
ment in their post-graduate 


Here Are Reasons Why educational Tic cae eae 
laboratory directors prefer Beckman pH Meters came 
and Electrodes... 





It gives detailed proce- 


® RUGGED — Repeated handling by students calls dures for standardiza- 
for sturdy construction—and you get it in all tion, measurement of 
Beckman pH equipment! pH, titration curve of 
® PRECISE—With Beckman pH equipment accu- Phosphor ic acid, stand- 
racies from 0.1 to 0.03 pH are obtainable in most ardization of base, 
ranges! and analysis of mixed 
® VERSATILE—The great variety of Beckman phosphate solutions. 
Special Purpose Glass Electrodes insures meas- . . 
urements from 20° below zero (C.) to 130°C. For free ope of this help- za 
They are factory sealed, maintenance-free and ful material, ask for 
virtually unbreakable! Data File 4-36 ( 





THE NEW BECKMAN MODEL N is completely self-con- 





I K ld W. h tained. Operating from its own built-in, long-life power 
supply, the Model N is ideal for portability—can be used 
n your “ OTK oes anywhere . .. field trip, laboratory or classroom. No A.C. —_ 


power circuits needed. The Model N costs less than 2 cents 
an hour to operate and has fast warmup time of less than | 
10 seconds. Stores easily in laboratory shelving when , 
not in class use. Further details included with Data File 
mentioned above. 





THE BECKMAN MODEL H-2 is line-operated (110-v A.C.). 
its compact case saves valuable teaching space and permits 
easy portability when clearing benches for new lessons. 
You obtain instant and direct pH readings with a simple 
built-in dia! pius temperature compensation over the entire 
range from 0° to 100°C. (32° to 212°F.). You read with 
high accuracy by using widespread dual-range scale—from 
0 to 8 pH or from 6 to 14 pH—at the turn of a switch. 
Further details included with Data File mentioned above. 


BECKMAN INSTRUMENTS, INC 


SOUTH PASADENA, CALIFORNIA 








8 JOURNAL OF CHEMICAL EDUCATION, OCTOBER, 1953 Plea 







































IT’S 
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tes INCREASE THE FLEXIBILITY AND USEFULNESS OF 
YOUR PRESENT LABORATORY EQUIPMENT THROUGH 
THE INSTALLATION OF THE VERSATILE, DEPEND- 
ABLE STANDARD DYNA-PUMP. 
e PUMPS GASES for gas analy- 
zers and gas detectors 
| e PUMPS AIR for jet-type liquid 
filtering equipment 
adi . PUMPS GASES for gas filters 
carReITY © PUMPS AIR for pneumatic 
cubic ins.—2 psi eka 5 J 
— equipment and mechanisms 
MAXIMUM PRESSURE—10 psi 
MAXIMUM SUCTION—12 ins. Hg Designed to reliably fulfill the diversified requirements of industrial and 
n= medical research laboratories and to serve as the operating component for 
r No. 84404 STANDARD DYNA-PUMP Each 35.00 pneumatic devices and instruments, the STANDARD DYNA-PUMP 
. FEATURES: 
nx Smooth-Flowing Pressure or Suction 
” The high speed (1500 strokes/minute) smooths out the pulsations so that it is 
ly 3 ' ideal for operating filtering equipment or gas analyzers. 
Non-Contaminating 
Since it is diaphragm actuated, there is no lubricant to contaminate the material. 
Dependability 
3; Motor is directly connected to pump—no belts to slip. Diaphragm is positively 
“ae driven on both compression and sucti not dependent upon springs. Cannot 
ms be stalled. 
le Continuous Duty Design 
re Brushless motor requires a few drops of oil every three months. No further 
th i eis y- Conti r ing 24 hours per day. Field proven. 
ne Pump housing and base are made of aluminum. Pump is completely enclosed. The resilient mounted, brushless motor is connected 
‘ directly to the pump. Pump measures 614 ins. long, 3% ins. wide by 4! ins. high and weighs 4/2 pounds. The 1/79 horsepower 
motor draws 48 watts and operates on 115 volts, 60 cycles, A. C. 
e] Visit our booth 4731 at Commercial Museum & Convention Hall, Phila., Pa. Nov. 30 to Dec. 5th 
| BSZULYUC RY ee a 
C 34 West 4th Street e New York 12, N. Y. 
‘ LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
1983 Please mention CHEMICAL EDUCATION when writing to advertisers 9 








S-84860 





sarcent Pharmgslalic Water baths 


Introduction of the minimized, economical Sargent 
bath, S-84870, expands the Sargent line of well 
known thermostatic baths to fit almost any require- 
ment. All models use transparent Pyrex brand glass 
containers as introduced for this purpose by Sargent 
many years ago and employ control equipment so 
designed as to permit instant disassembly and ready 
and thorough cleaning. 


S-84805 WATER BATH — Constant Temperature, 
Full Visibility,0.01°, Sargent, (Patent No. 2,037,993). 
Complete with Pyrex brand glass container, 16” 
diameter, 10” high, 914” deep; central circulating 
and heating unit with motor; mercurial thermo- 
regulator; cooling coil; constant level device; relay 
unit with cord and plug for connection to standard 
outlets; and armored connecting cable for connec- 
tion of relay unit to the water bath. Accuracy 
+0.01° C; maximum operating temperature, ap- 
pr roximately 70° C. Without cover or thermometer. 

or operation from 115 volt, 50 or 60 cycle A.C. 
ERE ERIE SARTRE ater eet! 275.00 


$-84860 WATER BATH — Constant Temperature, 
Full Visibility, 0.1° C, Sargent. Complete with 
heating and circulating unit; thermoregulator; pilot 


light; Pyrex brand glass container, 12” diameter, 
12” high, 11” working depth; cooling coil; constant 
level device; and cord and plug with line switch for 
connection to standard outlets. Accuracy, +0.1° 
to 0.2° C; maximum operating temperature, 60° C. 
Without thermometer. For operation from 115 volt, 
50 or 60 cycle A.C. circuits.............. 160.00 


S-84870 WATER BATH — Constant Temperature, 
Full Visibility, Economy Model, 0.25° C, Sargent. 
Complete with heating, circulating and regulating 
unit with adjustable thermoregulator and _ pilot 
light and with an accuracy of approximately +0.25° 
C; Pyrex brand glass container, 12” diameter, 12” 
high; and cord and plug with line switch for connec- 
tion to standard outlets. Without thermometer. For 
operation from 115 volt, 50 or 60 cycle A.C. circuits. 

98.75 


$-84873 Control Unit, Only. Of S-84870 water bath, 
including heating, circulating and thermoregulating 
facilities; with cord and plug with line switch for 
connection to standard outlets; without container. 
For never 5 from 115 volt, 50 or 60 7 A.C. 
circuits . : : : . 83.00 


SARGENT a 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + SUPPLIES » CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS Fl 
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NEW SARGENT CATALOG 
— NOW AVAILABLE 
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Macmillan’s CHEMISTRY Texts 





QUANTITATIVE CHEMICAL ANALYSIS 


Tenth edition of Talbot’s Quantitative Analysis 
by L. F. Hamilton and S. G. Simpson 


This well-known text provides a_ bal- 
anced combination of discussions of tech- 
nique, theory and stoichiometry for begin- 
ning courses in quantitative chemical 
analysis. In the tenth edition, the authors 


have considerably expanded the theoretical 
material, rewritten the directions for many 
of the analytical determinations, and 
added some determinations, mainly in the 
field of technical analysis. 


1952 259 pages $4.50 


TEXTBOOK OF 
QUANTITATIVE INORGANIC ANALYSIS 
Third Edition 
by I. M. Kolthoff and E. B. Sandell 


This text is suitable for both elementary 
and advanced courses in analytical chemis- 


try. It provides a thorough treatment of 


the fundamental principles upon which 
the subject rests; an outline of the most 
important classical procedures; a compre- 
hensive discussion of the apparatus, re- 


agents, and practical techniques employed 
in analysis; and a valuable key to the 
literature of analytical chemistry. Prob- 
lems, with answers to most of them, are 
given at the end of eac h chapter in the 


book. 


1952 759 pages $6.50 


CALCULATIONS OF QUANTITATIVE ANALT SS 
by Philip W. West 


This book offers a thorough training in 
the methods of analytical calculations. 
Sufficient examples are provided to enable 
the student to see how each new type of 
problem should be approached. The 
problems selected were chosen on the basis 
of material presented in standard textbooks 
for elementary quantitative analysis. They 


include a number of problems which have 
direct bearing on industrial applications 
from such fields as metallurgy, geology, and 
water analysis. In such problems, suf- 
ficient information is given to enable the 
student to understand the principles of the 
determinations involved and the nature of 
the procedures. 


1948 162 pages $2.75 


She Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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is important in the purchase 
» Of laboratory ware, too! 


( 





DOUBLE ECONOMY—PYREX® test tubes are actually lower in cost as they outlast other brands 
on a service for service basis. 22 standard sizes from 10 x 75mm. to 65 x 500mm. enable you to 


meet every requirement. 


One thing you've got to give the squirrel, he | example, show that PYREX brand test tubes 


looks out for himself as a matter of instinct. outlast other brands as much as 2 to 1! The 

As a matter of experience, educators know —_ answer? Greater resistance to both thermal and 
PYREX® laboratory ware to be the answer _ physical shock p/us chemical inertness in the 
to real classroom economy. And for a very presence of acids and many alkaline solutions. 
good reason. The extra durability of PYREX So here is one way you can stretch your 


apparatus withstands the abuse it so often 1953 budget . . . specify PYREX laboratory 
gets in inexperienced hands. ware for all of your requirements. Your labora- 
Records maintained by 49 high schools, for _ tory dealer stocks it for you. Call him anytime! 


® 
the laboratory glassware that gives you economy, accuracy, durability 








CORNING GLASS WORKS, Corning, New York 


Please 
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For Quality Plus Service 


in“C.P. ACIDS 








FOR YOUR “C.P.” ACID NEEDS — in 
plant or laboratory—see “Baker and 
Adamson,” industry’s dependable, con- 
venient source of reagent acids for over 
half a century. 


TO GIVE YOU THE VERY BEST, Baker & 
Adamson “C.P.” Acids are always made 
to meet or surpass the strict purity 
standards established by the American 
Chemical Society for reagents suitable 
for careful analytical work. Every ton 


Specify BAKER & ADAMSON’ 


—every pound—is “quality controlled” 
at each step on its way to you. 


TO SERVE YOU WELL, production facil- 
ities for B&A Reagent Acids are stra- 
tegically located across the nation; and 
ready-for-delivery stocks are carried 
by B&A’s chain of distributing stations 
in industrial centers from coast to 
coast. Any one of the offices listed be- 
low will handle your order promptly 
and efficiently. 


BAKER & ADAMSON ee Cemicale 





GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
-——————- 40 RECTOR STREET, NEW YORK 6, N. Y-~——————- 


Offices: Albany* © Atlanta * Baltimore* * Birmingham*_* Boston* ¢ Bridgeport* Buffalo* 

Charlotte* * Chicago* © Cleveland* © Denver* * Detroit* * Houston* ¢ Jacksonville 

Kalamazoo © Los Angeles* * Minneapolis * New York* © Philadelphia* © Pittsburgh* 

Portland (Ore.) © Providence* © St. Louis* © San Francisco* © Seattle * Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee 

In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 

SETTING THE PACE IN CHEMICAL PURITY SINCE 1862 


*Complete stocks are carried here 
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REAGENTS 


STANDARD 
or 
PuRITY 


FINE CHEMICALS 


SULFURIC ACID 
95-96%, Reagent, A.C.S. 
(Sp.Gr. 1.84) 


NITRIC ACID 
70%, Reagent, A.C.S. 
(Sp.Gr. 1.42) 


HYDROCHLORIC ACID 
87-38%, Reagent, A.C.S. 
(Sp.Gr. 1.18) 


ACETIC ACID 
Glacial, 99.5%, Reagent, A.C.S. 


Packaged in 5-pt. Screw-Cap Bot- 
tles in special 9-Bottle Case; and 
in 62 Gallon Screw-Cap Carboys. 

































Matheson, Coleman & Bell Reagent Chemicals 
include practically all of the items used in 
research and analytical work. The Reagent 
Inorganic Chemicals carry upon the label a 
statement showing the maximum limits of im- 
purities allowed. The Reagent Organic Chemi- 
cals are manufactured to pass the specifications 
shown in our price list. In addition to Reagent 
SsINtson coueman 8, Slop / :, 

"RUTHERFORD, NJ. * : Inorganic and Organic Chemicals we offer 


many items of U. S. P., N. F., Practical and 


Technical quality. 


Complete stocks of MC&B items are carried at our East Ruther- 
ford and Norwood plants and are available either through your 
laboratory supply dealer or from the East Rutherford or 


Norwood offices. 





Our new catalog listing 3911 Reagent Chemicals, f 


, ° : . " And ...as always... 
Biological Stains, Chemical Indicators and THE MATHESON CO. 


carries the most diversified 
line available of 


COMPRESSED GASES and 
GAS REGULATORS 


MATHESON COLEMAN & BELL 


DIVISION OF THE MATHESON CO., INC. 


Solutions will be sent to you upon request. 








Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY NORWOOD (CINCINNATI), OHIO 





JOURNAL OF CHEMICAL EDUCATION, OCTOBER, 1953 














From 


FABRICATOR 





























: fo 
ay 
2 —— 
t = 


at a 23% saving !! 











J 
———————) f mu 
lee ae Hi ae 





ere's an opportunity to purchase laboratory glassware tor 
a aac Hyer schoo! at the lowest cost in years. For the first time FLASK, My a9 

> STOPCOCK PINCHCOCK since 1918, when we began to manufacture and sell quality VOLUMETRIC VOLUMETRIC € 
S : technical glassware to laboratory supply houses, the W. T. 
Wiegand Corp. is making its products available directly to 
secondary schools and colleges at an unprecedented saving. 


The following items are accurately calibrated and guaranteed 
to meet the Volumetric Tolerances specified in the U. S. Govern- 
ment's specifications for Glass Volumetric Apparatus (DD-V- 
581): 





Size Quan. 
in er 1 10 25 50 
Ne Item MI. Case Case Cases Cases Cases 


5050 Burette,Stopcock 10 24 47.50 45.25 43.10 41.05 
25 24 51.40 48. 46.60 44.40 
50 24 51.40 48. 


95 
95 46. 44.40 
5010 Burette, Pinchcock 10 24 24.40 23.25 22.15 21.10 
+4 24 27.50 26.20 24.95 23.75 


24 27.50 26.20 24.95 23.75 


a 
i sel 


iT 
< 











mm 


4040 Pipette, Measuring 72 36.70 ae 33.30 31.70 


1 
3 2 . . ° 
= 5 72 36.70 34.95 33.30 31.70 
0 72 41.70 39.70 37.80 36.00 

















4080 Pipette, Serological 





4040 : 


N nae . : : NO. 6050 
PIPETTE, MEASUR! 2010 Flask, Volumetric 1 


16.20 CYLINDER 





2050 Plesk, Volumetric 10 36 30.45 29. 


6050 Cylinder 10 72 40.00 38.10 36.30 34.60 























4010 Pipettes, Transfer 1 72 24.20 23.05 21.95 20.90 
id 2 72 2420 23.05 21.95 2 
5 72 8 27.05 25.75 24.50 
10 72 33.35 31.75 30.25 28.80 
d = 25 72 42.55 40.50 38.55 36.70 
" : Above items sold in case units only. Case units may be assorted to 
= get quantity discount price. Ail prices f.0.b., Vineland, N. J. 
~ Write today! 
— 
f ‘A 


Re Ag | a 


NO. 4080 


NO 4010 
PIPETTE, SEROLOGICAL 











PIPETTE, TRANSFER 





W. T. WIEGAND CORP. 


VINELAND, NEW JERSEY 
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LINDBERG 





HIGH FREQUENCY COMBUSTION UNIT 


In New York City, a Lindberg two-station High 
Frequency Combustion Unit . . along with a Lind- 
berg Volumetric Carbon Determinator and a Lind- 
berg Sulfur Determinator is used in varied types of 
ferrous analyses by Sam Tour & Company, Inc., 
one of the nation’s leading commercial testing 
laboratories. 


Hundreds of laboratories .. commercial and pri- 
vate... have installed Lindberg High Frequency 
Combustion units for the ignition of iron-steel sam- 
ples in carbon and sulfur determinations. 


Here are some of the reasons why you will select 
Lindberg equipment: 


e Both carbon and sulfur can be analyzed with the 
same unit. 

e Lindberg “HF” combustion units are ready for in- 
stant use; preliminary warm-up, only once a day, 
requires 57 seconds. 

e They take only a small fraction of the power re- 
quired by resistance element furnaces. 

¢ “Vycor” glass combustion tube permits easy visi- 
bility of operation . . costs only one-half as much. . 
lasts many times longer than the old, conventional 
furnace ‘bes. 

e+ nly .-eS are heated ..no excess heat in lab- 
0” .- no elements to burn out. 

Foi aduitional information call your nearest labora- 

tory equipment dealer . . or write for bulletin #1000. 


Leading Laboratories Like 
LINDBERG LABORATORY EQUIPMENT 


LINDBERG LABORATORY EQUIPMENT 





Laboratory Division, Lindberg Engineering Company, 2478 West Hubbard Street, Chicago 12, Illinois 
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= as a chemist and teacher, know that precise 
chemical analysis requires filter papers of the 
proper quality and density. 


When you equip your school or college labora- 
tory with S&S Analytical Filter Papers, your 
students automatically begin each analysis with 
these two advantages: 


1. Standardization, for consistent accuracy. All 
S&S Filter Papers are made of the highest 
grade alpha cellulose. Each separate grade is 
manufactured to completely standardized 
physical characteristics. 


2. Selection, for more precise analysis. S&S Filter 
Papers offer a wide range of types from which 


Be sure to get your 


S&S SAMPLER 


Mail coupon today! 


a 


Prove to Yourself 


the value of 





$$ Filter Papers! 


to choose. You can always select the proper 
filter paper for any given filtration. 


To acquaint you with S&S Filter Papers, 
Schleicher & Schuell invite chemistry professors 
to mail the coupon below for a free sampler 
made up of several grades of S&S Filter Papers. 


FREE—Wall-Size Filtration Chart 

For your laboratory—complete data on relative 
retention values of S&S Filter Papers, and other 
brands, in easy-to-read chart form. This attrac- 
tive, plastic-coated filtration table is printed in 
two colors for increased clarity. Overall size: 
17 x 22 inches. 

Use the same coupon below to get both—the S&S 


Filtration Chart and the S&S Filter Paper Sam- 
pler. They are free. Act now! 


CARL SCHLEICHER & SCHUELL CO. 
Dept. J-10, Keene, New Hampshire 


Gentlemen: 
Please send me your FREE 
0 S&S Filter Paper Sampler 
(1 S&S Wall-Size Filtration Chart 


Name__ = a ee 
Sono or Universtiy $__$__________. 
a a a ee 


or es 
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new book announcements 
McGRAW-HILL BOOK COMPANY 








EXPERIMENTS, THEORIES, AND PROBLEMS IN GENERAL CHEMISTRY 


By H. W.Srone and James D. McCuttouen, University of California, Los Angeles. International Chemical 
Series. 352 pages, $6.00 
Designed to present the three important aspects (experiments, theories, and problems) of beginning college 
chemistry in a unified and rigorous treatment, this book brings the student the essence of the most successful 
procedures. Going far beyond the scope of the usual manual, it serves as a text which presents all the essentials 
of a first semester course. 


THE ACTINIDE ELEMENTS 


By Guenn T. Seaporc, University of California, Berkeley, and Josepn J. Katz, Argonne National 

Laboratory, Chicago. National Nuclear Energy Series. Division IV, Volume 14A. Ready in October. 
Offering material available in no other work, this outstanding comprehensive survey covers detailed discussions 
of the chemistry of all the elements from actinium to the newly-discovered trans-plutonium elements. Exhaus- 
tive and critical treatment is given to the important nuclear properties of the many isotopes of these elements 
with special attention to comparative chemistry, crystallography, oxidation-reduction behavior, and nuclear 
systematics. 


THE SCIENCE OF CHEMISTRY. New Second Edition 


By Georce W. Wart and Lewis F. Hatcu, University of Texas. In press 
Here is an excellent revision of an introductory college text for the terminal cultural courses in chemistry. 
The general plan of the book remains the same and the material has been modernized throughout. The most 
important revisions are in the introductory chapters and those on radioactivity, nuclear energy, petroleum, 
medicine and pharmacy, and agricultural applications. A revised laboratory manual is available. 


LABORATORY MANUAL IN PHYSICAL CHEMISTRY 


By Ricuarp B. Exits, Southern Research Institute, and ALFRED P. Mints, formerly of the University 
of Miami, Florida. International Chemistry Series. 94 pages, $3.50 


A well-written manual of experiments, this book is designed to accompany any physical chemistry course in 
which standard equipment is called for. Basic principles and experimental techniques are stressed with emphasis 
on variety over precision, since the experiments are constructed primarily for students who do not intend to 
take more advanced work. 


EXPERIMENTS IN BIOCHEMISTRY 


By M. S. Dunn, University of California at Los Angeles; and Witut1AM Dre t, California Institute of 

Technology. 216 pages, $5.00 
A guide to advanced laboratory work for major and graduate students, including more theory and reference 
data than most laboratory manuals. Each experiment is a complete unit, including detailed directions, data 
sheets, names and addresses of chemical supply houses, and accurate information on volume, concentrations, 
temperatures and similar factors. Topics covered are: isolation, synthesis, analysis and determination of 
biological substances including amino acids, amino acid derivatives, peptides, lipids, carbohydrates, purines, 
pyramidines, vitamins, and enzymes in proteins, plants, milk, whey, spinal cords, potatoes, corn cobs, corn 
sirup, mesquite gum, ivory nut, blood and urine by chemical, photometric, chromatographic, gasometric, polari- 
metric, and microbiological methods. 


Send for copies on approval 





McGRAW-HILL BOOK COMPANY 
330 West 42nd Street . New York 36, N. Y. 
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(Available in 1 Ib. and many 24 Ib. sizes, except liquids) 


MALLINCKRODT CHEMICAL WORKS «© st. Lou!Is + NEW YORK 
CHICAGO - CINCINNATI - CLEVELAND » LOSANGELES + PHILADELPHIA. SAN FRANCISCO « MONTREAL - bie) :10), Bae) 
*Trade Mark 














ALL BLA 


provides 


safe evaporation #4 
of heat sensitive 


solutions! 


Here for the first time is an all glass Flash Evaporator” ex- 
pressly designed for the laboratory and offered exclusively 
by the Emil Greiner Company at an unprecedented low 
price! 


Designed with the utmost care and experimentally verified, 
the Laboratory Flash Evaporator operates in principle in ° 


the same manner as modern industrial and pilot plant long 
tube or film-type evaporators. 


It is operated under reduced pressure to lower the tempera- 
ture of evaporation; in addition, the time of contact at 
evaporation temperatures is very short, reducing decompo- 
sition of heat sensitive materials to a low level. Hence, we 
recommend this apparatus highly wherever such considera- 
tions are paramount. 

*Bartholomew, W. H. Anal. Chem. 21 527 (1949) 


HOW IT OPERATES 


The solution to be evaporated is fed from a 4 liter graduated separatory 
funnel, containing a constant head inlet tube, to a five-foot, long-tube 
heat exchanger containing a flow regulating stopcock at the bottom. 
Steam is fed into the top of this exchanger at atmospheric pressure 
causing the feed to flash under the reduced pressure maintained in the 
system. The equilibrium mixture of liquid and vapor resulting from the 
flash enter the cyclone separator after passing the thermometer at the 
top of the exchanger. An outlet is also provided between these points 
for a vacuum gauge to be inserted to observe the pressure. The liquid 
concentrate from the cyclone separator drains through a cooler to the 
2 liter concentrate container, while the vapors pass downward through 
a condenser to the 3 liter distillate container. The three-way stopcock on 
the heat exchanger provides means for re-circulation of the concentrate 
simultaneously with additional feed. 


The ground glass semiball joints used to connect the various sections 


provide structural flexibility. 
The EMIL GREINER Co. 
NEW YORK 13, N.Y. 


20-26 N. MOORE STREET 






20 





/as/q EVAPORATOR 





PRICE LIST 


G 7965 Laboratory Flash Evaporator, All Glass, Pyret 
Brand, complete except for flexible tubing, eo 





clamps and thermometer_-_--- ea. $ 
G5170 Pinch Clamps, for spherical joints. 
No. 28 (two required )------------_---- ea. $1.40 
No. 35 (four required) --------_--_---- ea. 1.80 
G 23962 Thermometer, ¥ 10/30, 3” immersion 0-150° C. 


ea. 


Vaporization rates of 3 to 3.5 liters of water per hour # 
pressures of 75 to 100 mm. of mercury are obtained in the 
evaporator. At normal feed rates, the vaporization rat 
allows concentration to between one third and one 
the feed volume for each pass. 


Prices of individual glass parts will be quoted on request. 
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Polyethylene Ware 


Shock-proof—inert—low specific gravity 
—non-brittle containers for chemicals 


Funnels, bottles, jars, beakers, and tubing now available 


The physical and chemical characteristics of 
polyethylene laboratory ware make this equip- 
ment especially useful in handling, storing, and 
transporting corrosive liquids and solids. Peoly- 
ethylene is shockproof and non-brittle—practi- 
cally unbreakable. Another important property 
of this material is its chemical inertness. Poly- 
ethylene is completely resistant to attack by 


compounds. The advantages of chemically inert, 
easily cut, non-breakable polyethylene tubing 
are apparent. It is suitable for permanent instal- 
lations in multiple extraction assemblies, tem- 
perature regulating set-ups for refractometers, 
apparatus for distillation under reduced pressure, 
permanent refluxing equipment, and others. Be- 
cause of the low specific gravity (only 0.92), 


ss, Pyres sulfuric, nitric, hydrofluoric and hydrochloric polyethylene containers are light in weight. This 

ial acids ... to aniline, silver nitrate, zinc chloride, feature is often important in handling and trans- 
30% hydrogen peroxide...to ammonium and __ferring various solutions or chemicals. 

oa. $1.40 sodium hydroxides, etc. In fact, polyethylene Write for Bulletin No. 12 giving 

ca, 1.80 ware can be used safely with practically any full specifications and prices on 

va: acid or alkali and a great number of organic — beakers, bottles, funnels and tubing. 

r hour # 

ed in the 


tion rate 
one 


. ege 
aloe scientific DIVISION OF A. S$. ALOE COMPANY 


5655 Kingsbury « St. Lovis 12, Missouri 


n reques: Bios ANGELES ® SAN FRANCISCO * NEW ORLEANS ® KANSAS CITY ® MINNEAPOLIS ® ATLANTA ® WASHINGTON, D. C. 
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Local stocks mean 


more efficient service... 








More than 600 Merck Laboratory Chemicals are 
quickly available on a local basis from 67 strategi- 
cally located supply houses. Next time you order, 


specify MERCK for 


“precision reagents” 


of out- 


standing purity, uniformity, and dependability. 


Merck Laboratory Chemicals 
AVAILABLE from the following Local Supply Houses : 


ALABAMA 

McKesson & Robbins, Incorporated 
(Doster-Northington Div.) 
Laboratory Supply Dept. 
1706 First Ave., Birmingham 3 

ARIZONA 

Clico Laboratory and X-ray Supplies 
335 West McDowell Road, Phoenix 


CALIFORNIA 
A. S. Aloe Co. of California 

(Branch of St. Louis, Mo.) 

1150 So. Flower St., Los Angeles 15 
Braun-Knecht-Heinmann Co. 

1400 Sixteenth St., San Francisco 19 
Central Scientific Co. of Calif. 

1040 Martin Ave., Santa Clara 
Central Scientific Co. of Calif. 

(Pacific Laboratory Div.) 

6446 Telegraph Road, Los Angeles 22 
Los Angeles Chemical Co. 

Laboratory Chemical Div. 

1960 Santa Fe St., Los Angeles 21 
National Chemical Co. 

1516 Industrial St., Los Angeles 21 
Western Surgical Supply Co. 

661 S. Burlington Ave., Los Angeles 5 


COLORADO 
The Denver Fire Clay Company 
2301 Blake St., Denver 17 
CONNECTICUT 
The Lea Manufacturing Co. 
16 Cherry Ave., Waterbury 20 
FLORIDA 
Medical Supply Co. of Jacksonville 
P.O. Box 4369, 420 W. Monroe St., 
Jacksonville | 
GEORGIA 
Estes Surgical Supply Co. 
56 Auburn Ave., N. E., Atlanta 3 
Southern Scientific Co., Inc. 
890 New Chattahoochee Ave. N. W., 
Atlanta 
ILLINOIS 
K. G. Cole Chemicals, Inc. 
66 By-Pass South and B &O Railroad, 
Springfield 


A. Daigger & Company 

159 W. Kinzie St., Chicago 10 
Arthur S. LaPine & Company 

6001 South Knox Ave., Chicago 29 
E. H. Sargent & Co. 

4647 West Foster Ave., Chicago 30 
Schaar & Company 

754 W. Lexington St., Chicago 7 
Standard Science Supply Co. 

1231-39 Honore St., Chicago 22 
Wilkens Anderson Company 

4525 West Division St., Chicago 51 


INDIANA 


Clark Chemical & Supply Company, Inc. 


1527 Miller St., 


KANSAS 
Southwest Scientific Corp. 
122 S. St. Francis, Wichita 2 
KENTUCKY 
Allied Scientific Co. 
555 South First St., 


MARYLAND 
Will Corporation of Maryland 
14 W. Barre St., Baltimore 1 


MASSACHUSETTS 

Howe & French Inc. 
99 Broad St., Boston 10 

E. F. Mahady Co. 
851 Boylston St., Boston 16 

Peakes Laboratory Supply Co., Inc. 
22 Lexington St., Rear, Waltham 54 


MICHIGAN 

Harshaw Scientific Division 
of The Harshaw Chemical Company 
9240 Hubbell Ave., Detroit 28 

E. H. Sargent & Co. 
1959 East Jefferson, Detroit 7 


MINNESOTA 
Hawkins Chemical Company 
3100 East Hennepin Ave., 
Minneapolis 13 
MISSOURI 
Aloe Scientific Division 
A. S. Aloe Company 
5655 Kingsbury Ave., St. Louis 12 


Indianapolis 7 


Louisville 2 


Precision Reagents 


For 


Accurate Analysis 


Heil Corporation 
210 S. 4th St., St. Louis 2 
Kansas City Laboratory Supply Co. 
307 Westport Road, Kansas City 2 
Millard Heath Co. 
325 Olive St., St. Louis 2 


MONTANA 
Northwest Chemical Laboratories, Inc. 
1924 4th Ave., No., Billings 


NEW JERSEY 
Otto R. Greiner Company 
221 High St., Newark 2 
General Laboratory Supply Co. 
P. O. Box 2607, Paterson 
Para Laboratory Supply Company 
221 N. Hermitage Ave., Trenton 8 
Scientific Glass Apparatus Co., Inc. 
100 Lakewood Terrace, Bloomtield 


NEW YORK 
Ace Scientific Supply Co., Inc. 
810 Broadway, New York 3 
Amend Drug & Chemical Co., Inc. 
117-119 E. 24th St., New York 10 
The Emil Greiner Company 
20-26 N. Moore St., New York 13 
Riverside Che. ical Company, Inc. 
871-947 River Road, 
North Tonawanda 
Standard Scientific Supply Corp. 
34 West 4th St., New York 12 
Will Corporation 
P. O. Box 1050, Rochester 3 
Will Corporation 
(Branch of Rochester) 
596 Broadway, New York 12 
U. S. Scientific Supply Co. 
1368 Flatbush Ave., Brooklyn 
NORTH CAROLINA 
Cardinal Products, Inc. 
P. O. Box 1611, Durham 
OHIO 
Ace Chemical Company 
216 Elm St., Cincinnati 2 
Crowley Thompson Chemical Co. 


Lederer Terminal, Foot of E. 9th St., 


Cleveland 14 


The Kauffman-Lattimer Co. 

(App. Dept.) 

230 N. Front St., Columbus 16 
Harshaw Scientific Division 

of The Harshaw Chemical Co, 
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SERVICE 


The unit illustrated above is a Knight- 
Ware Fume Collector Assembly. Along 
with Knight-Ware Corrosion-Proof Duct- 
work, fittings and fan adapter, it was 
installed to remove noxious fumes from 
a large industrial laboratory. 


Knight-Ware is a tough ceramic made 
especially for handling corrosives. It is 
corrosion-proof throughout against acids, 
alkalies, and other corrosives. No expen- 
sive molds are required in its manufac- 
ture; hence, special designs can be fab- 
ticated at relatively low cost. 


Knight-Ware pipe, sinks, sumps, fume 
ducts, etc., can be installed by any com- 
petent plumber. Knight-Ware is widely 
used in colleges, hospitals, laboratories 
and publishing plants, as well as indus- 
trial, chemical and 
pharmaceutical plants. 












Write for Bulletin 
12-Y, Knight-Ware 
for complete de- 
tailed information. 


MAURICE A. 
KNIGHT 


210 Kelly Ave., Akron, O. 






















FOR EXACTING LABORATORY USE 


VITREOSIL* (Vitreous Silica) laboratory ware 
is a superior replacement for porcelain and 
glass and a satisfactory substitute for plati- 
num in many cases. Greater chemical 
purity and high resistance to heat shock 
as compared to other ceramics and 
low initial cost compared to plati- 
num have led to the universal 
adoption of VITREOSIL as a sub- 
stitute for platinum, porcelain and 
other materials in many analyti- 
cal procedures. 


Standard items of VITREOSIL 
Laboratory Ware include trans- 
parent, glazed and unglazed 
crucibles, evaporating dishes, 
beakers, tubing, etc. 


Large stock enables 
prompt shipment. 


Write for Technical Bulletins giving 
full descriptions, specifications, and prices. 


*® 
THE THERMAL SYNDICATE, LTD. 


14 BIXLEY HEATH LYNBROOK, N. Y. 














Machlett 


Made of durable, pliable polyethylene, these handy 
laboratory items reduce costly breakage and resulting loss 
of valuable solutions. Odorless, non-toxic and chemically 
oe polyethylene withstands strong acids, alcohols and 
alkalis. 


Polyethylene Storage Bottles 


$5-778 Polyethylene Bottles equipped with tight fitting 
Polyethylene screw caps 


Cap. 1 oz. 2 oz. 402.8 oz. 1602. 3202. Ygal.1 gal. 2 gal. 


Each $ .25 .35 .40 .45 .65 1.50 4.75 7.50 12.50 
Dozen 2.35 2.75 3.20 4.45 6,00 12.00 47.50 75.00 125.00 


and Versatile Kemflex. Tubing 


$74-997 KEMFLEX POLYETHYLENE TUBING 


Inside Wall Upto 50’to 100’to Over 
Diam. Thickness 50’ 99’ 999’ 1000’ 
1/8” 1/16” $.30 $.21 $.17 $.12 
3/16” 1/16” .40 .28 -22 16 
1/4” 1/16” .48 32 25 19 
3/8” 1/16” 52 .38 .32 -26 
1/2” 1/16” .65 46 .40 33 


Above prices are per foot 


All prices F. O. B. New York, N. Y. 


EL. MACHLETT & SON 


220 East 23rd Srreet: New Yor« 10,N.Y. 
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(®) Rapsid Scanning SPECTROPHOTOMETER 


his new instrument is a unique com- Spectrophotometer fuses them into a 


bination of an optical spectrophotom- 
eter and an electronic cathode ray tube 
indicating device. It rapidly charts com- 
plete spectrophotometric curves with both 
transmitted and diffusely reflected light, 
offering untold possibilities in monitoring 
flowing processes, following transient phe- 
nomena, comparing transparent liquids, 
gases, and solids. A reflection attachment 
produces curves from opaque materials. 


Tracing 60 separate curves per second on 
the face of a cathode ray tube, the AO 


‘‘moving picture’’ of color changes over the 
entire visible spectrum from 400 to 700 
millimicron wave length. A roomy sample 
chamber accommodates transparent samples 
up to 100mm thick. A reflection attach- 
ment will produce data from opaque sur- 
faces as small as 1 inch square. Permanent 
records can be made with any of the stand- 
ard 5” oscilloscope cameras. 


For the entire story, why not ask us to send 
you Bulletin ACL-14?2 


APPARATUS CO.,Inc. 
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No. 3835B Patent No. 2424933 


The special Welch Transmission light source with a filter paper guide for holding and advancing the 
papergram at 3 mm increments, when used with the Densichron becomes a complete transmission densitometer 
for quantitative paper chromatography. The quantitative analysis of complex compounds such as PROTEINS, 
SUGARS, VITAMINS, etc., has been simplified by reading maximum densities of papergrams with the 
DENSICHRON. 


This new apparatus and procedure will speed up your work and permit the analysis of very small samples. 
Works equally well for quantitative paper electrophoresis. 


This instrument will be shown at the 24th Annual Exposition of Chemical Industries in Philadelphia, Novem- 
ber 30 to December 5, 1953. See it at our Booth No. C-42. 


Write for literature describing the production of papergrams and the use of the Densichron for quanti- 
tative determination by the maximum density method. $ 4? 5 00 





W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W M WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880 
1515 SEOCWICK STREET, DEPT. D CHICAGO 10, ILLINOIS. U.S.A. 
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Ix an address at the last Graduate Commencement at 
Brown University Dr. Leonard Carmichael, past presi- 
dent of Tufts College and now Secretary of the Smith- 
sonian Institution, made some remarks which are well 
worth keeping before us: 


Some of the fanciful lists of human rights and privileges that 
were so prettily printed in two great English-speaking capitals in 
the 1930’s and which guaranteed many things from the cradle 
to the grave, really boil down to an invitation to the individual 
citizen not to work too hard. If a whole society is ever hypno- 
tized by the odd idea that some sort of superstate can provide 
the necessities and even the luxuries of life without requiring 
individual responsibility and work, it will be hard for the scholar 
to realize that this attitude must never apply to him. 


It is bad enough—perhaps even disastrous—to 
suggest to the “worker” that he not be so diligent as to 
risk overstraining himself, but if the scholars, scientists, 
and other brain-workers should be similarly seduced the 
result would be cataclysmic. Our country must live 
and survive by brain power; even the multiplication of 
our muscle power by the vast machinery of our civiliza- 
tion is not sufficient to keep us safely unless we use our 
full supply of brains on more than an 8-hour, 5-day 
schedule. In fact, the more the machinery the more 
the necessity for high-powered brains. And it is a far 
bigger problem than mere national survival. 

The mind has at least one point of similarity to the 
muscular system; it thrives and grows by activity, the 
more vigorous the better. Some of our population may 





be starting to wither from the waist down from too 
much riding in automobiles, but that is relatively un- 
important and only a matter of individual concern to 
them. But if many begin to wither from the neck up, 
from any mistaken notion that Uncle Sam will do all the 
necessary thinking for us all, we are headed for hard 
times. 

There is some solace in the fact that mental accom- 
plishment has always to a large extent carried its own 
reward. A thinker is really a creator and when he has 
accomplished something he takes pleasure from it to a 
degree that no manual worker can. When this drive 
slackens there is nothing really to replace it; fortu- 
nately, however, it has a way of renewing itself, at least 
from one generation to the next. 

The human mind is no respecter of time-clocks and 
quitting-whistles, and when it begins to become con- 
scious of these restrictions it is either getting old and 
rusty or isn’t big enough to stand the strain. Do the 
biographies of the great men of science say anything 
about their quitting work punctually at four-thirty or 
jealously hoarding their vacation days? Young people 
about to enter such a career will necessarily think of 
these things and in finding their places may well be less 
concerned about working hours and social security than 
about the opportunity for freedom to use their minds. 
Let them search for the full meaning of the description 
of the scientific method: ‘Doing one’s damndest with 
one’s mind, no holds barred.”’ 
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e AN INTRODUCTION TO THE ELECTRON 
THEORY OF METALS 


Au rxovan it is seldom necessary for a chemist to have 
a thorough understanding of the physics of metals, the 
increasing importance of semiconductors, new alloys, 
and less familiar elements makes it desirable to have 
some knowledge of the physical principles governing 
the properties of metals. The electron theory does not 
at present adequately explain some of the finer points 
in the behavior of metals but it does give a unifying 
approach to the broader aspects of the metallic state. 
The theory is based on a rigorous mathematical back- 
ground. It can be outlined, however, with a relatively 
elementary treatment and the fundamentals are thereby 
easily grasped. The following discussion is designed to 
provide a general background for the understanding of 
metal physics as well as a basis for more advanced 
study. 

CLASSICAL FREE-ELECTRON THEORY 


In 1900 Drude! published the first extensive math- 
ematical treatment of metallic properties. His cal- 
culations were based on the assumption that a metal 
consists of a periodic lattice of positive ions permeated 
by a gas composed of the valence electrons. As 
originally pictured, these electrons moved in a perfectly 
uniform electrostatic field, experiencing no difference in 
potential from point to point within the metal. The 
kinetic energy was assumed to be distributed according 
to Maxwell’s law, with a mean value of */. kT ergs per 
electron (where k is the Boltzmann constant). 
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Figure 1. Potential Energy Box of a Metal at T°K. 


Since these electrons are retained within the metal 
under normal circumstances, forces preventing escape 
were considered to exist at the surfaces and electrons 
within were accorded a lower potential energy than 
those outside. If the potential energy outside the metal 
is arbitrarily taken as zero, the energy inside becomes 





1 Drupe, P., Ann. Physik [4], 1, 566-613; 3, 369-402 (1900). 


ROBERT A. LEFEVER 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


—W, where W is the work function or energy necessary 
to cause electron emission. Thus, the metal becomes 
a potential box of depth equal to the work function, 
At T°K., the average electron kinetic energy is */,kT 
above — W as shown in Figure 1. 

If the electron gas is considered to behave according 
to the ideal gas law, a simple calculation shows that the 
pressure within a univalent metal would amount to 
about 3,000 atmospheres.2 This pressure must be 
counteracted by the electrostatic attraction between 
electrons and positive nuclei. Behavior according to 
the kinetic gas laws leads to the conclusion that an 
electron gas should have a specific heat of 3R/2. Since 
the lattice of a monatomic crystal has a specific heat of 
3R, the specific heat of a metal should then be about 
9R/2. Experimentally the specific heat was known to 
approach a maximum value of 3R and this lack of 
agreement with the predicted value was one of the more 
serious shortcomings of the theory. To circumvent 
this difficulty the electron gas was endowed with the 
property of degeneracy wherein it contributed little or 
nothing to the specific heat at relatively low tempera- 
tures. 

A second problem arose with regard to electrical 
properties. The ratio of thermal conductivity to elec- 
trical conductivity, known as the Wiedemann-Franz 
relation, was accurately predicted and constituted one 
of the major supports of the theory. The nature of the 
thermal dependence of electrical conductivity was 
poorly predicted, however. Using the principles out- 
lined by Drude, Lorentz* derived an equation for elec- 
trical conductivity assuming Maxwell’s law for velocity 
distribution. From his equation, the following expres- 
sion for resistance can be obtained :* 


R = 3_V3mkT 


1 
8 ne? (l) 


2 One mol of a univalent metal, for example copper, contains 
a mol of electrons. Assuming these electrons to behave as a 
perfect gas, confined within the molar volume, V, of the metal, 
the pressure, P, exerted on the surfaces can be calculated with 
the equation, PV = nRT, where n = 1 and R is the gas constant. 

3 Lorentz, H. A., “The Theory of Electrons,” 2nd ed., G. E. 
Stechert and Co., New York, 1923, pp. 67, 266-74. 


; eens : 8kT 
4 Substituting the mean velocity, 1 = @/——, and the pro- 
m 


portionality between the mean kinetic energy and absolute tem- 


perature, a = 3k/2, based on Maxwellian distribution in the 


3x aT’ 


sion, in equation (1) where n = N. 


: 2e%tNuw . . 
equation, ¢ = — given by Lorentz results, after inver- 


486 





OCT 


whe! 
stan 
of f 
chal 


spac 
the 
can 
resi 
abs 
the 

j, 
sati 


onl 





essary 
comes 
ction, 
3/kT 


ding 
at the 
nt to 
st be 
LWween 
ng to 
at an 
Since 
pat of 
about 
wn to 
ck of 
more 
ivent 
h the 
tle or 
pera- 


trical 
elec- 
‘rang 
1 one 
f the 

was 

out- 
elec- 
ocity 
pres- 


(1) 
\tains 
as a 
netal, 
with 
‘tant. 
G. E. 


pro- 


tem- 
1 the 


nver- 





OCTOBER, 1953 


where m is the electron mass, k is Boltzmann’s con- 
stant, 7’ is the absolute temperature, n is the number 
of free electrons per unit volume, e is the electronic 
charge, and / is the mean free path. 

If the mean free path is taken as equal to the atomic 
spacing, the calculated electrical resistivity of copper has 
the correct order of magnitude at room temperature. As 
ean be seen from equation (1), however, the change in 
resistance should be a function of the square root of the 
absolute temperature, which is not in agreement with 
the experimentally found linear relation. 

Although the Drude-Lorentz electron-gas theory 
satisfactorily accounted in a general way for many 
metallic properties, its shortcomings were serious and 
only overcome by the application of quantum principles. 


WAVE THEORY OF METALS 


The application of quantum mechanical principles to 
metals was first proposed in 1928.5 The wave picture 
is based on the assumptions that the valence electrons 
are free, as proposed by Drude, that these electrons 
occupy discrete energy levels in accord with quantum 
principles, and that the occupation of energy levels is 
governed by the Pauli exclusion principle. 

The fact that some physical phenomena could not be 
completely explained by the separate application of 
either wave principles or classical mechanics first be- 
came apparent in the study of light radiation. Al- 
though the wave nature of light was well established by 
diffraction and interference experiments, the photo- 
electric effect indicated a particle nature as well. Once 
the wave-particle characteristic of light was recognized, 
the question of a similar state of affairs with regard to 
electrons soon arose. The experimental confirmation 
of wave as well as particle properties in the case of 
electrons was forthcoming in the work of Davisson and 
Germer.6 A beam of electrons was shown to be ca- 
pable of diffraction by a crystal lattice in the same 
manner as an X-ray beam and to have an associated 
wave length, 


A = h/mv (2) 


where h is Planck’s constant, m is the electron mass, and 
v is its velocity. 

A more convenient description of the wave properties 
can be obtained by using the concept of wave number, 
k, where, 


k = 2x/d (3) 


The resulting expression for the wave number is seen to 
be a measure of momentum or velocity: 


2x 
k= , me (4) 
The kinetic energy of a free electron in terms of the 


wave number can easily be derived as follows: 





5 SoMMERFELD, A., W. V. Houston, ann C, Ecxart, Z. Physik, 
47, 1-60 (1928). 

6 Davisson, C., anp L. H. Germer, Phys. Rev., 30 (No. 6), 
705-40 (1927). 
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E = '/2mv? (5) 
= 1/gm(hk/2am)? (6) 
= h*k?/Sx2m (7) 


This parabolic relation between kinetic energy and 
wave number is illustrated in Figure 2. 


Energy 








-k O +k 
Wave number 


Figure 2. The Parabolic Relation Between Kinetic Energy and Wave 
Number 


The problem of determining the available energy 
states and their distribution may be solved by consider- 
ing the case of a hypothetical one-dimensional metal of 
length L. Into this length it is necessary to fit as 
many sinusoidal waves as theoretically possible. In 
view of quantum mechanical principles it is necessary 
that the wave function, V, be sinusoidal and continuous. 
The three longest waves that fit the potential box rep- 
resenting the one-dimensional metal are shown in 
Figure 3. Curve (1), representing the longest wave, 


1) 


>0 














Figure 3. Three Longest Sine Waves for a ‘‘One-dimensional Metal”’ 
of Length L 


has a length equal to 2L and subsequent waves have 
the wave lengths 
A = 2L/n (8) 


where n may be considered equivalent to a quantum 
number. 

The energy levels available for electron occupation 
may be found from the kinetic energy as follows: 


E= 1/amv? 
= '/ym(h/m))? § 
= n*h?/8mL* (10 


Figure 3 illustrates the theoretical case in which the 
potential box has an infinite depth and, thus, the curves 
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fall to zero at the ends. Since the depth is always 
finite, the curves actually extend somewhat beyond the 
ends before reaching zero but this refinement does not 
alter the qualitative picture. The solution of a three- 
dimensional system is more involved but the same 
reasoning applies and the resulting equation is 

h2 


E = 8m? 


(nz? + ny? + n-*) (11) 
or 
Pe er ee + of + (12) 
8mV*/s . 

With this background we are now in a position to 
compare the wave theory with the original Drude- 
Lorentz picture. According to the Pauli exclusion 
principle, only two electrons may occupy any one 
energy state. Thus, at absolute zero, N/2 enerzy 
states are occupied where N is the number of free elec- 
trons. The energy states fill in order of increasing 
energy until the state of maximum energy, Emax., 1s 
reached. Thus, even at absolute zero some electrons 
have high energy while, in comparison, all electrons of 
the free-electron-gas theory have zero energy. Emax. 
can be expressed’ as follows: 


. _ bh? (3N\*%7s , 
Emax. = 8m (3) (13) 


where N/V is the number of electrons per unit volume. 

The state of affairs at absolute zero may be elucidated 
by plotting the probability of an energy state being 
occupied by electrons against energy. Such a distri- 
bution curve is shown in Figure 4. As the temperature 





\ 


\ 
\ 


E be— TT —4} 


— 











Probability of occupation 


Energy 


Figure 4. Electron Distribution Curve 


increases, only the higher energy electrons can further 
increase in energy, since available energy levels lie only 
above them. Only electrons with energies above 
max. -kT can increase in energy, and at room tempera- 
ture this is only about one per cent of the total number. 
This accounts for the small contribution of the elec- 
trons to the specific heat of a metal. 

The following equation for the resistance of a metal 
results from the quantum mechanical theory ** 





7 Hume-Rotuery, W., “Atomic Theory for Students of 
Metallurgy,” 2nd ed., The Institute of Metals, London, 1952, 
pp. 165-70. 

8 CoTrrELL, A. H., “Theoretical Structural 
Edward Arnold and Co., London, 1948, p. 78. 
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mv 
R= (14) 


where v is the mean velocity of the conducting elec. 
trons, n is the number of conducting electrons per unit 
volume, m is the electron mass, e is its charge, and | js 
the mean free path. In order to have a calculated 
resistance of the correct value, it is necessary to assume 
a mean free path of about 100 atomic spacings. (y 
first sight this appears to present a serious problem, 
Resistance according to the wave theory, however, is 
not the result of collision or deflection of single elec- 
trons but rather the scattering of a wave front by 
lattice imperfections. In a perfect lattice at absolute 
zero the mean free path is very long. As the tempera- 
ture increases the lattice points undergo thermal vibra- 
tion, causing lattice imperfections that scatter the wave 
front. The mean free path of electrons can be shown to 
vary inversely with the square of the amplitude of 
atomic vibration and thus inversely as the first power 
of the absolute temperature. Thus, the experimentally 
found linear relation between resistance and tempera- 
ture is predicted by theory. Extensive calculations 
have shown the theory to be correct not only qualita- 
tively but quantitatively as well. 


THE ZONE THEORY 


Although the quantum mechanical theory went a 
long way toward explaining the behavior of metals, it 
did not include solids in general. In order to explain 
the high resistance of insulators it was necessary to re- 
sort to an entirely different model. . Lack of con- 
ductivity was assumed to be the result of strong bind- 
ing of electrons by homopolar bonds to specific atoms. 
With the development of wave mechanics, however, 
and the accompanying realization that there exists a 
definite probability of movement of even a tightly 
bound electron, this picture of insulators began to 
appear inadequate. In fact, calculations clearly in- 
dicated that the strong binding of electrons in the 
better insulators could result in a resistance of only 
about 100 times that of a metal.® 

The fact that a definite probability exists for an 
electron of insufficient energy to pass over a potential 
barrier indicated that all solids might be combined 
under a single theory and that a different interpretation 
of insulators must be found. The development of the 
wave-mechanical theory was based on a_ perfectly 
uniform electrostatic field within the metal. It is now 
assumed that the field varies periodically with the dis- 
tribution of positive ions. In other words, as an elec- 
tron passes in the immediate vicinity of an ion it ex- 
periences a change in attractive force. The combina- 
tion of the wave theory with this periodic electrostatic 
field leads to some interesting conclusions. 

When electrons with a wave length, \, are diffracted 
by a crystal lattice they obey the Bragg relation, 
nd = 2d sin 6 (15) 


9 HumME-RotueEry, W., op. cit., p. 213. 
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Figure 5. Energy Discontinuities Resulting from Electron Diffraction 


where n, an integral number, is known as the order, d is 
the distance between diffracting planes, and @ is the 
glancing angle of the beam. Electrons within the metal 
may be assumed to behave in the same manner, and 
those with wave lengths satisfying the Bragg relation 
will be diffracted when experiencing a lattice of appro- 
priate periodicity. In considering any particular direc- 
tion of motion relative to a set of diffracting planes, the 
wave lengths satisfying the Bragg equation constitute 
forbidden energy values. That is, electrons with these 
energies would be forced to immediately change in 
direction or energy. The wave numbers at which this 
occurs may be found as follows: 


2d 


A = — sind 
n 
k = 2n/nr 
nT 
” Jane (16) 


As shown in Figure 5, the first discontinuity occurs at 
+k, when k = x/d sin 6, the second discontinuity 
occurs at +ke when k = 2x/d sin 6, etc. The E=k 
curve deviates from the parabolic shape in the vicinity 
of the forbidden energy values in such a way as to cause 
forbidden regions. Although the same E-k curve 
serves for all crystallographic directions, the discon- 
tinuities appear at different positions along the curve, 
since different periodicities are experienced in different 
directions. Figure 6a shows the appearance of the 
curve for two different directions. This situation of 
overlapping energy levels is encountered in low-valence 
metals where ionic charge is low and diffuse. Figure 
6b represents a high-valence solid giving broad for- 
bidden regions. When energy levels overlap, an elec- 
tron at the top of one level, or zone, can increase in 
energy by changing direction whereby it is governed by 
adifferent zone. On the other hand, an electron having 
the maximum energy permitted by the direction rep- 
resented by the lower curve b in Figure 6b cannot in- 
crease in energy. 

The matter may be further elucidated by utilizing the 
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concept of k-space. This is accomplished most easily 
by considering a two-dimensional metal with a simple 
periodic lattice, as illustrated in Figure 7. The first 
discontinuity, or boundary of the first Brillouin zone, 
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Figure 6. Energy Discontinuities in Different Directions. (a) Over- 


lapping Zones, (b) Non-overlapping Zones 


results when conditions are such that first-order reflec- 
tion occurs. From equation (16), this can be seen to 
result when 
tr 
ho =" 17 
a sin 6 (17) 
If the vector k is resolved into its components, k, and 
ky, the component k,, normal to the planes parallel to 
the y direction, is equal to k sin @, and thus, 
+r 


k, = - (18) 


This means that a discontinuity occurs at +7/a for all 
electrons with an x component of the wave number 
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Figure 7. A Two-dimensional Square Lattice 


equal to +x/a. Similar reasoning shows that the dis- 
continuity in the y direction occurs at 


ky = Es (19) 
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Figure 8. Equal Energy Contours in the First Brillouin Zone of the 
Square Lattice 
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The k-space delineated by these limits, known as the 
first Brillouin zone, is illustrated in Figure 8. Within 
this zone are plotted six equal-energy contours. The 
region outside of the first zone boundary represents the 
beginning of the second zone. The expansion of con- 
tour 4 in the neighborhood of the zone boundary corre- 
sponds to the deviation of an E-k curve from the para- 
bolic shape in the vicinity of a forbidden region. 

Whether or not zones overlap depends upon the rela- 
tive energies of the electron states in the two zones. 
If the lowest energy state of zone two is lower in energy 
than the highest energy state of zone one, the second 
zone will begin to fill before the first zone is completely 
full. On the other hand, if the lowest energy state of 
zone two is higher in energy than the highest energy 
state of zone one, zone one will fill completely before the 
second zone begins to fill. In the latter case, the 
magnitude of the energy difference between the low 
energy state of zone two and the high energy state of 
zone one is equivalent to the size of the forbidden region. 

Extension of the zone theory to three-dimensional 
solids results in three-dimensional k-space diagrams. 
The shapes of these diagrams depend upon the type of 
crystal lattice and are relatively simple for high lattice 
symmetry. Figures 9a and 9b illustrate the first 
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Figure 9. First Brillouin Zone for a Face-centered Cubic Lattice. 
(a) Empty Zone, (b) Zone Containing Electrons 


Brillouin zone for a face-centered cubic lattice. The 
effect of energy-state distortion can be seen in Figure 
9b where enough electrons are present to cause filling of 
some of the lower energy states at the first zone bound- 
ary. 

The importance of whether zones overlap or not may 
be illustrated by considering electrical conductivity. 
The number of energy states available for electron 
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occupation in one zone is equal to the number of atoms 
in the lattice. Thus, a monovalent metal will have 
enough electrons to half fill the zone, since two electrons 
can occupy each level. When an electrical potential jg 
applied, the highest energy electrons with k vector com- 
ponents in the direction of the field will increase in 
energy. Resorting to the two-dimensional system 
again, Figure 10a represents the situation described. 
The solid circle illustrates the original electron distri- 
bution, while the broken circle gives the distribution 
under an applied field. 

The electrons actually contributing to the current are 
those within the shaded area (7.e., those without 
opposing vectors). Continuous acceleration of the 
curve is prevented by scattering of the wave front as it 
experiences lattice imperfections and impurities.  Fig- 
ure 106 illustrates the case of a hypothetical divalent 
solid in which zones do not overlap. Since there are 
two valence electrons per atom, the zone is completely 
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Figure 10. Application of an Electrical Field, (a) to a Partly Filled 
Zone, (b) to a Filled Zone 


filled. Application of an electrical field cannot result in 
an energy increase for any electron, since they are all 
surrounded by a forbidden region. Thus, the material 
represented is an insulator. If the zones overlap, as in 
the case of the alkaline earths, zone one is not full and 
zone two contains some electrons. In this case, higher- 
energy electrons can increase in energy and the metal is 
a conductor. Most of the common insulators are the 
result of a filled higher zone surrounded by a forbidden 
region. Insulators and conductors have in this manner 
been combined under a single theory in which the dis- 
tinguishing feature is the nature of the forbidden energy 
levels. 

Although the principles outlined above should serve 
as an introduction to the subject, the reader who wishes 
to investigate the electron theory of metals more 
thoroughly would do well to study a more detailed 
account of the fundamentals!®—!? before considering a 
more rigorous treatment. !* 14 





10 HumME-RorueEry, ibid., pp. 165-234. 

1 SuaTER, J. C., Rev. Mod. Phys., 6, 209-80 (1934). 

12 Raynor, G. V., “An Introduction to the Electron Theory 
of Metals,’’ The Institute of Metals, London, 1946. 

13 Seitz, FrEpERIcK, “The Modern Theory of Solids,’’ Mc- 
Graw-Hill Book Co., Inc., New York, 1940. 

144 SHockLey, W., “Electrons and Holes in Semiconductors,” 
D. Van Nostrand Co., Inc., New York, 1950. 
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® SOME RECENT DEVELOPMENTS IN STEEL 
PRODUCTION AND PRODUCTS' 


Ir 1s my intention to take you on a rapid trip through 
steel production from the iron ore fields to some of the 
finished steel products. As we proceed along the way 
I hope to be able to highlight the various units by point- 
ing out some of the newer developments taking place. 
Naturally it will be impossible to point out all of the 
progress made in recent years but I will attempt to give 
examples of improvements both in processes and prod- 
ucts which, despite mounting costs, continue to pro- 
vide an inexpensive material which is made into many 
of the necessities and luxuries in our daily life. 


IRON ORE 


Some of the most important development work now 
being conducted is in iron ore. This is not only impor- 
tant to the iron and steel industry but to the nation as a 
whole. Two world wars have been fought and won 
largely by the rich, open-pit mines of the fabulous 
Mesabi and other great iron ranges, with the famous 
Hull-Rust mine at Hibbing, Minnesota, carrying a large 
portion of the load. World War II chopped some 340 
million tons from these reserves and at the present rate 
of consumption it has been estimated that these fields 
will be, to all practical purposes, exhausted by 1970. It 
isnot, therefore, by accident that an arduous search has 
been undertaken to find new sources of iron ore to re- 
place the great supplies upon which the industrial 
foundations of our country have been built. It is, 
then, with a grave sense of responsibility that the steel 
industry has in recent years expended large sums of 
money and thousands of man-hours of technical per- 
sonnel in an effort to find a solution to this problem. 
Fruitful results have been obtained in the development 
of the rich fields of Laborador and Quebec, and while 
these fields are of the utmost importance they will not 
adequately replace the supplies of the past from the 
Lake Superior region. However, by 1960, when the 
tremendous transportation problems involved have 
been resolved, it is expected that the Canadian region 
will yield some 10,000,000 tons annually—a long step 
toward the alleviation of our national problem. The 
most spectacular development, however, has been the 
discovery in Venezuela in 1947 of “Cerro Bolivar,” a 
veritable mountain of high-grade iron ore equal to or 
even surpassing in quantity and quality the Hull-Rust 
Mine of Minnesota. This search for new sources of ore 
was started in 1945, and by 1946 field workers were in 





' Based upon an address presented at the 14th Summer Con- 
ference of the New England Association of Chemistry Teachers, 
University of Vermont, Burlington, Vermont, August 20, 1952. 
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Brazil, Venezuela, Honduras, Guatemala, Puerto Rico, 
Cuba, Mexico, Sweden, and other locations throughout 
the world. 

In addition to these new important ores from Canada 
and Venezuela, development work in the processing of 
low-grade iron ores is rapidly reaching an impressive 
production basis. In addition to the rich iron ore de- 
posits in both the Lake Superior and Michigan areas 
there are also large deposits of taconite, a low-grade ore, 
which is a mixture of hematite and magnetite in a ma- 
trix of rock. The crystals of both minerals exist in a 
variety of combinations. If, as is the case in the Su- 
perior ores, the proportions are two parts magnetite to 
one part hematite, the processing is generally as fol- 
lows: The taconite is ground to a fineness dictated by 
the crystal size of the magnetite, and the magnetite is 
then separated on a magnetic separator and the rock 
and hematite are discarded as tailings. The fine magne- 
tite must then be agglomerated in some manner such as 
sintering to make it suitable for charging in the blast 
furnace. Unfortunately the taconites of Michigan are 
in reverse, 7.e., two parts hematite to one part magne- 
tite, and the ore must be treated by heating to make it 
magnetic or the iron minerals must be separated by 
other than magnetic means. 

In any event, the ore picture looks brighter than at 
any time since the beginning of World War II, and the 
Canadian and Venezuela ores will serve to maintain the 
economic basis to which we are accustomed for a long 
time to come. The development of the taconites at 
huge expenditures, coupled with the conservation of 
Superior ores, should afford the supplies needed in times 
of emergency. 


BLAST FURNACE 


Over the years, most of the development work on the 
blast furnace has been concentrated on mechanical 
equipment. However, research workers are today con- 
centrating on the metallurgy and chemistry of these 
giants of industry. It has always been a dream of the 
steel mills to find an economical method of making steel 
directly from iron ore, and many such proposals have 
been made, but as yet none has been found economically 
or metallurgically feasible. It may well be that, with 
the concentration of research effort now being expended, 
this dream of steel producers may some day be a reality. 

One of the most outstanding recent developments in 
the blast furnace is the work on the high-pressure top. 
The great demand of the war and postwar periods for 
iron and steel products has placed emphasis on more and 
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more production from existing facilities as well as the 
construction of new units. It has long been known that 
greater blast furnace production can be effected with an 
increase in the blowing pressure of the air, but the limit 
of this pressure has been governed by the velocity of the 
exhaust gases which, when too high, cause furnace 
operating irregularities. In an effort to augment pro- 
duction it was proposed that if the top static pressure of 
the blast furnace could be increased, the blowing pres- 
sures could also be stepped up and the velocity of thegases 
through the furnace decreased. Operations of the blast 
furnaces, with pressures raised from two to ten pounds 
per square inch, have resulted in reported increases in 
production of 11 to 20 per cent, with a decrease in coke 
rates of 13 per cent, and a cut in the production of flue 
dust of 30 per cent. In addition to these savings, 
smoother working furnaces with resultant longer cam- 
paign life may be expected. 


OPEN HEARTH AND BESSEMER 


As in the case of the blast furnace, the chief emphasis 
in the open-hearth shops has been on more and more 
production. To accomplish this objective furnaces 
have been enlarged by as much as one-third or more. 
While the bath area in some furnaces has been extended, 
greater production did not come so much from larger 
furnaces as from larger ladles and other handling 
facilities to receive the molten product of the enlarged 





A 100-ton Ladle of High Quality Steel Being Teemed into Hot-top In- 
got Molds in the Electric Furnace Department at the South Chicago 
Works of U. S. Steel 
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furnace charges. General over-all skill and efficiency 
have also added their share to the increase in production 
rate year by year. At the beginning of World War J] 
in 1939 the capacity of the steel industry was some 63. 
000,000 ingot tons. By 1944, the peak war year, the 
capacity had been increased to 90,000,000 tons and in 
1951 to 105,000,000 ingot tons. The rated capacity 
now is over 110,000,000 ingot tons and capacity forecast 
for next year is almost 120,000,000 ingot tons or nearly 
double the capacity of 1939. 

One of the more recent means of accelerating open- 
hearth production is the:use of oxygen. Oxygen has 
been tried in two ways: (1) to speed decarburization by 
introducing oxygen directly to the bath, and (2) to in- 
crease fuel efficiency by introducing oxygen at the 
burner. In the case of decarburization the method is 
simple. Oxygen is usually supplied at 100 pounds per 
square inch at the feed end of ahose. Standard lengths 
of clean pipe are used as lances, which are immersed 
about 8 inches below the bath surface. In a few cases a 
water-cooled jet is used, and where this jet is employed 
the oxygen is introduced above the bath and blown 
through the slag. The reduction of carbon in open- 
hearth steelmaking proceeds slowly as the carbon con- 
tent of the bath is reduced. In the lower ranges (0.03 
to 0.20 per cent carbon), reduction is accelerated by the 
use of oxygen, with the net result that the time required 
to produce the product in the open-hearth furnaces is 
materially reduced. 

Oxygen may be used, also, to supplement the air re- 
quired for combustion of the fuel. For the same weight 
of fuel burned, the use of oxygen diminishes the quan- 
tity of the products of combustion, thereby increasing 
the flame temperature and decreasing the amount of 
heat carried off by the outgoing gases. To use the heat 
efficiently and to avoid premature refractory failure, 
the increased heat must be absorbed, and this is best 
done by the cold scrap charge, so that oxygen is used in 
this manner during the melt-down prior to the hot iron 
charge. Good coordination in the rate of scrap charg- 
ing is important, and the physical layout of some plants 
would prevent the efficient coordination required. In 
cases where plants can use oxygen in this manner, in- 
creases of 1.5 tons per hour have been reported. 

Use of oxygen in the Bessemer process has also been 
studied. Oxygen affords the same opportunity for 
greater efficiency in this process. In addition, nitrogen, 
which has been the cause of limiting the use of Bessemer 
steel in some cases, can be maintained at a low level by 
the use of oxygen. Oxygen has been used mostly where 
a deficiency of hot metal has been encountered, and a 
larger proportion of scrap charge is desired. There is, 
however, a definite relationship between hot metal, 
scrap, and oxygen usage, and beyond these limits in- 
crease in production can only be made at the expense of 
both quality and economy. In the basic converters, 
which are common in Europe, the use of oxygen enabled 
the Germans to produce some high-quality steels during 
the war. 
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TURBO-HEARTH 


The basic open-hearth and acid Bessemer processes 
possess certain inherent advantages, universally rec- 
ognized and applied. The basic open hearth now 
accounts for 90 per cent of the steel production in the 
country; the acid Bessemer for about 5 per cent. In 
the latter part of the nineteenth century the Bessemer 
accounted for 75 per cent of the ingot tonnage. Some 
of the important factors contributing to the increase in 
open-hearth tonnage are: (1) the capacity of the open 
hearth to use large tonnages of iron and steel scrap, (2) 
the ability of the open hearth to produce large tonnages 
of quality steels at competitive costs, (3) inherent 
properties of acid Bessemer steel, now attributed to the 
high content of phosphorus and nitrogen, which made 
its product less suitable than open-hearth steel for 
certain applications. On the other hand, the Bessemer 
process offers the very attractive advantage of not re- 
quiring any external heat. The Thomas process, 
widely used in Europe, has eliminated the high- 
phosphorus content but not the nitrogen. This process 
is limited to high-phosphorus iron which is not avail- 
able in quantity in this country. 

The attractions offered by the advantages of both 
processes has led to a search for some process possessing 
the attributes of both. Independent work by the 
Jones & Laughlin Steel Corporation and the United 
States Steel Company (carried out by the Battelle 
Institute of Columbus, Ohio) has been coordinated in 
an effort to reach this goal and very promising results 
have been obtained. Several operating problems 
normally associated with a new process are now the sub- 
ject of further study. A good product has been rolled 
from some of the experimental heats and it is believed 
that the process can yield a quality equivalent to the 
basic open hearth, from basic iron. 


ROLLING OF STEEL 


Thus far we have discussed the various steelmaking 
processes. While steady progress in the improvement 
of old and development of new processes has gone for- 
ward in these units, parallel progress has been made in 
the forming of steel. Perhaps the most significant work 
has been in the thinner flat-rolled products from which 
most of our consumer products are made, such as auto- 
mobile bodies, refrigerators, stoves, and the myriad of 
other appliances which we encounter in daily use. The 
great, transition in the use of continuous rolling mills, 
both hot and cold, can hardly be classed as recent. 
Most of the work done began in the 1920’s and was 
greatly accentuated by the intensely competitive de- 
pression years, the demand for high production in the 
war years, and the era of mounting production and 
elevated costs in the postwar period. The continuous 
process in hot rolling sheets consists of many roll stands 
in tandem wherein a slab some 4 to 6 inches thick and 
weighing about 5 tons is rolled to sheet gages as light as 
0.050 in. and coiled or cut to length automatically as the 
long ribbon leaves the exit or finishing end. Formerly, 
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Bessemer Converters, National Tube Division, U. S. Steel, Lorain, Ohio 


this same product was available in cut lengths only and 
was fed back and forth by hand in what were commonly 
called the hand mills. Very few of these old mills are 
left and they are fast passing from competitive position 
except for some specialty products. 

A more recent development in this product has been 
the revolution in the method of tin plating of sheet steel 
which is the basic product used in all types of can man- 
ufacture. After rolling in the hot strip mill and coiling 
the sheet, coils are continuously pickled and cold re- 
duced to the light gages required for cans. The pro- 
duction of long coils by the continuous rolling process 
afforded the industry an opportunity to develop the 
electrolytic tin plating of steel. Pilot lines were intro- 
duced about 1937. In the immediate prewar period 
this electrolytic tinning had progressed to a production 
figure of about 50,000 tons per year. Since the elec- 
trolytic coating is light, 7. e., 1/2-pound coatings per base 
box (the base box is the unit of measure of tin plate and 
is equivalent to 112 sheets, 14 by 20, or 31,360 square 
inches), this prewar electrolytic tin plate was confined 
mostly to “dry” packs, particularly coffee cans. It was 
fortunate that the can technologists had conducted 
early experimental werk on wider application of this 
product, since in 1942, after the loss of Far Eastern tin 
producing areas to the Japanese, the conservation of tin 
plate became critically urgent, if we were to continue to 
feed our armed forces as well as the people at home. 
This challenge was admirably met through research and 
development work by steel producers and can makers. 
Progress has continued in this field since the war and to- 
day electrolytic tin plate represents over 60 per cent of 
American production. To make this process more and 
more automatic in order to furnish cheaper cans and to 
conserve critical materials, such innovations as con- 
tinuous annealing, differential coating, electronic 
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inspection and sorting, and other improvements have 
been and continue to be added almost daily to this al- 
ready highly mechanized process. 


HOT-EXTRUSION 


It has long been hoped that steel could be hot- 
extruded into various intricate shapes. Development 
work along these lines has engaged many technicians 
both in America and abroad over the past decade. The 
hot-extrusion of metals has been established for some 
time in the nonferrous products, but the high tempera- 
tures necessary for working steel have made operating 
and die costs prohibitive. Considerable study has been 
made using graphite and carbonaceous materials for a 
lubricant to protect the dies. Research and develop- 
ment work at Persan, France, dating back to 1940 has 
resulted in the Ugine-Sejournet process using glass as a 
lubricant. The glass melting on contact with the hot 
steel prevents seizing of the billet and tools, and in- 
sulates the tools from the heat of the billet. It is 
claimed that both solid shapes and seamless tubing can 
be extruded by this process. Already a 2,500-ton press 
has been installed and is in operation at the Babcock & 
Wilcox Tube Company, Beaver Falls, Pennsylvania; 
and the National Tube Division, U. 8. Steel Corpora- 
tion, Gary, Indiana, at present has a 2,500-ton press. 
Billets can be heated by either gas furnaces or electric 
salt baths. The billets, after heating, are transferred to 
an inclined surface which is covered with a fiber glass 
mat; the billet rolls down the incline plane fusing to the 
glass mat and picking it up. The ram or mandrel may 
be covered with a fiber glass sock. In any event many 
alloy steels previously unpenetrable have been pierced 
and extruded on the press. Small runs, previously un- 
desirable on large mills are produced profitably, since 





Electrolytic Tin Plate at U. S. Steel’s Irvin Works 
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die changes are relatively inexpensive. Many new uses 
for this new tool of the ferrous industry will develop, 


PRODUCTS 


I should like to cite a few examples of the steel prod- 
ucts which have also been developed to meet the needs 
of industry. 

USS 17-TV. In 1948 the manufacturers of television 
tubes were faced with a problem. The demand was for 
larger picture tubes and the solid glass tubes were be- 
coming more cumbersome. The tube makers turned to 
the steel producers for a solution. When heated and 
cooled, glass and most metals expand and contract at 
different rates causing the glass to crack when the two 
are sealed together. A steel with expansion and con- 
traction similar to glass had to be used. The steel had 
to be easy to form and capable of withstanding pres- 
sures caused by the vacuum inside the tube. A stain- 
less steel containing 28 per cent Cr originally proved to 
be the only steel with proper expansion or contraction, 
Additional development work resulted in a 17 percent 
Cr steel which was considerably cheaper and possessed 
everything but the proper expansion characteristics. 
A series of small laboratory heats were made which 
finally resulted in a product which was cheaper, formed 
easily, and did not crack the glass on sealing. 

MX-Steel. Another significant product develop- 
ment has been in the field of free-machining steels. For 
many years B-1113, a highly resulfurized steel, had been 
the outstanding product for use in automatic screw 
machines. Too frequently heats of similar analysis 
gave good and bad results, and an unexplainable ‘“‘some- 
thing’’ remained to be resolved. A research program of 
several years duration was inaugurated which included 
the development of machines for testing, as well as co- 
ordinated production runs. 
Several steel companies 
worked on this develop- 
ment independently. It 
was found that a lower car- 
bon and _ silicon content 
with closely controlled Bes- 
semer blowing practice gave 
a globular-type sulfide in- 
clusion as contrasted to the 
usual stringer type. Ma- 
chinability in large produc- 
tion quantities has proved 
that this new steel, while 
costing slightly more be- 
cause of the closer control 
required in manufacture, 
has resulted in increased 
machining production re- 
sults from 30 per cent up- 
ward and at the same time 
tool-life has been increased 
an equivalent amount. 
Similar work is continuing 
on many other types of steel. 
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Boron. Like the tin, previously mentioned# the out- 
break of World War II found us strategically short on 
many alloys needed for the production of planes and 
armaments. Notable among these scarce elements 
were chromium, tungsten, and nickel. Metallurgists 
had noted prior to this time that the alloying additions 
in steel had a multiplying effect on hardenability—that 
property in steel which governs the depth to which a 
section of steel can be hardened and which gives to heat- 
treated steel its strength and toughness. Seizing 
quickly on this thought the National Emergency steels 
(better known as the NE steels) were brought into being 
and small amounts of three elements, such as Ni-Cr-Mo, 
replaced large amounts of single elements such as nickel 
orchromium. By this method a relatively thin supply 
of strategic elements served us well and adequately de- 
spite the gigantic requirements of so huge a war effort. 
With the outbreak of hostilities in Korea and the 
tremendous demand of our present defense activities 
new critical shortages are plaguing us, notably in such 
common elements as nickel and molybdenum. Even 
the NE steels of World War II could not conserve an 
adequate supply of these elements for present strategic 
applications. Leaning back on investigational work 
conducted during and since the war, another element, 
boron, has been added to the list of substitutes which by 
judicious use will help immeasurably in this latest con- 
servation effort. Boron as an alloying element is in a 
class by itself; minute amounts when added to steel 
impart remarkable hardening properties, or harden- 
ability. For example a chart shows the following com- 
parison : 


Eguivalent percentage of alloy needed 
in place of boron 


Mn Ni Cr Mo 


Base composition 


1020 0.85 2.4 0.45 0.35 
1040 0.65 1.9 0.85 0.25 
1060 0.45 1.2 0.20 0.15 
1080 0.15 0.4 0.07 0.05 


This is a remarkable table when it is considered that we 
are talking of boron in the order of 0.001 to 0.003 per 
cent. It should be pointed out that boron is only a sub- 
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stitute where hardenability is required and does not in- 
fluence such special properties as impact strength at high 
or low temperatures, or corrosion resistance, but its use 
where hardenability is the prime requirement has pro- 
gressed a long way toward conserving the strategically 
scarce elements required for our present defense effort. 


CONCLUSION 


I have been able to highlight only a few of the many 
thousands of new developments in the manufacture of 
steel. I regret that I have been unable even to mention, 
much less describe, other important developments, such 
as the spectacular uses of the spectroscope as a produc- 
tion tool for rapid chemical analyses in many melt shops 
and for controlling the Bessemer operation; the direct- 
reading spectroscope, producing chemical determina- 
tions in a matter of seconds; the supersonic reflecto- 
scope with which we can peer into solid metals; and the 
many other tools, processes, and products which have 
been adopted as the result of careful research and de- 
velopment efforts. 
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eo THE DEFINITION OF “SPECTRUM” 


I: is not often that science empioys words defined 
primarily by implication. This, however, is the case 
with the word ‘“‘spectrum”’ in contemporary physics and 
chemistry. Although we usually know reasonably 
clearly what we mean when we use the word in a par- 
ticular connotation, we sometimes forget that others, 
whose training in science may be different from our own, 
may sense an alternative and possibly inconsistent im- 
plication. Furthermore, this lack of adequate defini- 
tion has led to invalid (or, at least, untidy) usages of the 
word in non-physical fields. The bacteriological 
spectrum of the biologist and the political spectrum of 
the newspaper reporter are two examples of particularly 
annoying distortions of meaning. The word is used in 
so many different ways that its significance is becoming 
weakened with peripheral connotations of doubtful 
validity and questionable utility. 

Various texts and references usually define ‘“‘spec- 
trum” reasonably satisfactorily, but do so restrictively. 
Thus, the definition given in a textbook on emission 
spectroscopy may or may not be applicable, for example, 
to a research aspect of spectrophotometry. This con- 
fusion is extended to almost all words using “spectrum” 
as their root. The Society for Applied Spectroscopy 
and the American Society for Testing Materials have 
taken note of this unfortunate state of affairs by right- 
fully omitting from their recent list.of definitions! in the 
field of spectroscopy the following words, among others: 
spectral slit width, spectroanalysis, spectrophotometer, 
spectrometer, spectrograph, and spectrum. Although 
spectroscopy is defined as ‘‘the branch of physical 
science treating of spectra,’ it will be noted that this 
definition has little explicit significance as long as 
“spectrum’”’ remains undefined. Thus, the Society for 
Applied Spectroscopy is placed in the somewhat em- 
barrassing position of being unable to state precisely 
what it is for. The Society is clearly for something 
more than mere observation of spectra (whatever these 
may be). Yet its definition of spectroscopy implies 
only this, for its denotation of the suffix “‘-scopy”’ is 
“meaning observation, as in spectroscopy.” It will 
be noted that this implication is different from the 
Society’s explicit definition of spectroscopy as given 
above. (The difficulties of these highly regarded 
groups in reaching satisfactory definitions of the do- 
mains and tools of their activities dramatically indicate 
the considerable magnitude of the obstacles which may 
be encountered in the path toward clear and precise 
scientific nomenclature.) 

The purpose of the present communication is to sug- 
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gest possible descriptive definitions of ‘“‘spectrum”’ anda 
few of the terms derived from or related to it. 

It is felt that the primary source of confusion is the 
use of “spectrum” when “distribution” or “range” is 
meant; thus arise the unfortunate applications of the 
word in fields such as biology and journalism. In the 
physical sciences when a distribution involves energy as 
a range and intensity as a number it is recognizable asa 
spectrum. This basis for a definition extends itself to 
mass spectra by employing the Einstein equation, E = 
mc?, thus recognizing that there is no real distinction be- 
tween energy and mass. Relations involving intensity 
distributions of wave length are as simply clarified by 
using the equation E = hc/d. On this basis the 
following definition of spectrum is suggested: A spec- 
trum is any ordered relation between energy and in- 
tensity. 

Another source of confusion is a result of the excessive 
restrictiveness with which the word ‘characteristic’ is 
ordinarily employed. ‘‘Characteristic spectrum”’ has 
come to imply “electromagnetic radiation emission spec- 
trum in the range 0.1 to 7000 A. which is uniquely de- 
fined by the atomic number of the excited element.” 
One who applies the term to the infrared absorption 
spectrum of water or to the mass spectrum of butane 
may be criticized for these usages. It is suggested, 
however, that these applications are valid. Any spec- 
trum which is uniquely defined by the chemical charac- 
teristics of the excited substance may properly be called 
“characteristic.” 

Further difficulties in the field are encountered 
through the similarity of the words “spectrometer,” 
“spectroscope,” and “spectrograph.” The — suffix 
“meter” properly refers to a device which makes 4 
measurement, ‘‘-scope’’ to one which makes an observa- 
tion, and ‘‘-graph”’ to one which makes a record of an 
observation or measurement. Unfortunately, “spec- 
trometer’ is usually used to name only electronic spec- 
trometers; “spectroscope,’’ optical spectrometers; and 
“spectrograph,”’ photographic spectrometers. It is 
suggested that these and similar terms be employed in 
such a way as not to lead to inconsistent suffix usage. 
For example, a recording emission spectrometer is 
simply an emission spectrograph regardless of whether 
the recording is made photographically or through the 
use of electronic devices. 

It is recognized that tradition often plays a large part 
in the process of definition. This is not objectionable 
only so long as no loss of meaning is introduced as the 
word matures. However, when the time comes that a 
word is weakened by retention of traditional and in- 
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creasingly archaic usages as well as by awkward and in- 
valid innovations, prompt and precise redefinition of the 
word is clearly necessary. It is felt that the suggestions 
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given above may provide at least a foundation for 
necessary definitions and redefinitions in the field of 
spectroscopy. 
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7 WHY IS CHEMISTRY NOT TAUGHT IN MORE SCHOOLS? 


In a survey of science instruction in the public high 
schools of Iowa the question in the title, among others, 
was asked in a questionnaire sent out to 852 high 
schools. Replies were received from 390 of the senior 
high schools. Of these 139 offer chemistry every year 
or in alternate years. 

The question as asked was: “If chemistry is not 
taught in your school, to the best of your judgment, 
what do you consider the three chief reasons for not 
offering it?’’ It was followed by a series of prestated 
answers that the writer felt most applicable to the 
situation in Iowa schools. The tabulated results from 
the replies of the 251 schools which do not offer chem- 
istry are shown in the table. 





Number of Per cent 
schools of the 
selecting 261 
this schools 
Reason reason replying 
There is no community demand 
for it 138 55 
Too expensive to equip and pro- 
vide laboratory 126 50 
No room available 124 49 
No qualified teacher to teach it 115 46 
Not of sufficient practical value 
except as a college prep course 77 31 
No time for it in the curriculum 56 22 
The course is too expensive 
(chemicals and supplies) 43 17 
It is not required for admission 
to college 28 11 
Others 23 9 





The reasons are arranged in the table in the order of 
the frequency of reply, not in the order as arranged in 
the questionnaire. However, the fact that the reasons 
were preformed in the questionnaire may influence the 
replies somewhat. It was felt in spite of this that the 
validity of the results from the above method would be 
better than that which would be obtained from the in- 
terpretation of subjective, written-in replies. 

When the distribution of the replies was compared 
with the distribution of schools of different sizes 
throughout the state, it was apparent that the question- 
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naire was a truly representative cross section of the 
public high schools of Iowa. 

Evidently some of the reasons why Iowa schools are 
not teaching chemistry are: (1) the parents and the 
students are not demanding it because they do not see 
sufficient practical or general educational value in it; 
(2) the school administration feels that it is too expen- 
sive to provide chemicals and equipment to offer such 
a course; (3) the school administration feels that a 
special room is needed for teaching chemistry; and 
(4) the school employs no one qualified to teach it. 

If these are the true reasons, they are likely to be 
applicable to more than this one state, and they offer a 
challenge to those of us who believe that some chemis- 
try is an essential part of every high-school curriculum. 
The problem is not insurmountable. The biggest job 
is acquainting the public with the important part chem- 
istry plays in the lives of everyone and the consequent 
need for chemistry in the schools. That job involves 
the entire chemical profession. The next two difficul- 
ties can be solved if high-school teachers will abandon 
the idea that high-school chemistry must be taught as 
was their own college chemistry—the same subject 
matter, the same equipment. Those of us who are 
training high-school teachers have a heavy responsibil- 
ity in this connection. 

It should be possible, in the near future, to overcome 
the fourth difficulty in offering chemistry, unless an 
emergency further reduces the enrollment of students 
preparing to teach in the secondary schools. As in- 
terest in chemistry grows in the high schools, more stu- 
dents wishing to teach chemistry should enter our col- 
leges and become available. At the present time many 
teachers capable of handling the course are teaching in 
schools where it is not offered. With a change in the 
demand they can fill the new immediate needs. 
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® ATOMIC STRUCTURE AND THE 
PHOTOELECTRIC EFFECT 


Tue ubiquitous and inexpensive 110- 
volt, 2-watt neon glow lamp, General 
Electric NE-34, appears to have been 
overlooked as a device well suited to a 
brief but telling demonstration of a few 
key principles of atomic structure which 
underlie the study of electrovalence and 
comparative chemistry. 


WORKING PRINCIPLE 


Nevertheless, when this lamp is sup- 
plied with a voltage only slightly below its 
ionizing threshold (35), the degree of 
photoemissive sensitivity, even to visible 
light, exhibited by its coated metal elec- 
trodes is gratifyingly useful; and its ready 
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response to X-rays (7, 19, 24, 29, 45, 46, 








47), as would be expected, makes it addi- 
tionally attractive. In both cases ioniza- 
tion, hence conduction (36, 44), is indi- 
cated by the abrupt appearance (25, 30, 
32, 35) of the self-sustaining (37) glow dis- 
charge, whose bright orange light is characteristic of 
neon at all but extremely high excitation frequencies. 
The lamp, thus utilized, serves as its own receiver, 
gaseous amplifier (8, 22, 38, 42), and visual detector. 
Its simplicity and directness will appeal to the user; 
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Figure 1. Circuit Diagram of Voltage Supply and Phototube 


c 30-uf paper electrolytic, 150 volts. Trial will tell whether to connect 
it to the positive terminal of the neon lamp as shown, or to the nega- 
tive terminal, asin Figure 2. (See text, for its function.) 


ri 44 ohms, 3.1 amp., laboratory rheostat. 
G Ground connection, to nearby water pipe. 
S 8.p.s.t. knife switch. 
MA 0-25 ma. direct-current demonstration milliammeter (such as Cenco 
#82145). 
Extension leads, preferably short. (See comment on shielding in 
text.) 
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Figure 2. Photoelectric Demonstration, Using the 2-Watt Neon Glow Lamp as Phototube 


and the ease with which everyone can see the “end 
point”’ never fails to please a lecture-room audience. 


ADJUSTMENT 


As indicated in Figure 1, a rheostat is connected as 
voltage divider, to supply an adjustable voltage. 
ARRL schematic notations (3) are employed in the cir- 
cuit diagrams. 

On direct current and in the dark, the lamp (Figure 
2) lights at about 65 volts, its ignition potential (37), 
at which it at once passes 4 milliamperes, its threshold 
current (36). A very close approach to the ignition 
potential is required if the photoelectric capability of 
the lamp is to be realized. Referring to Figure 1, the 
recommended procedure is as follows: 

(1) Do not remove the current-limiting resistor, 
which is inside the screw base of the lamp. 

(2) Have the room completely dark, or only dimly 
lighted. 

(3) By advancing the slider of the rheostat, increase 
the voltage gradually, starting at a low value, until the 
lamp suddenly lights. At this position of the slider put 
a stop or a mark on the slider bar. 

(4) Reverse the motion of the slider at moderate 
speed, until the glow is completely extinguished (39). 

(5) Advance the slider slowly again, as in (3) above, 
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to within just a shade less than its previous position. 
If the lamp lights, the slider has been moved too far and 
step (4) must be repeated. 

(6) Repeat step (5), but advance the slider once 
again a little less than before, always trying to have the 
voltage nearly, but not quite, enough to start the glow. 


DEMONSTRATIONS 


(A). Once the lamp is brought by this stepwise ap- 
proach to about the highest voltage it can take with- 
out lighting (35), it is in an essentially metastable, or 
sensitive, state and will now easily exhibit the photo- 
electric effect (9, 17, 19, 24, 30, 34, 42, 45, 47). 

To show this, first point the beam of a sharply focus- 
ing flashlight (fresh batteries!) at the neon lamp, at 
close range: the lamp will light at once. Indeed, a 
little patient practice should soon make it regularly 
possible to trigger the lamp with the flashlight from a 
distance of at least 25 feet in a fairly dark room, pro- 
viding the supply voltage is steady; or to do the same 
by simply turning the room lights on. The grounded 
condenser, c, although not indispensable, will stabilize 
the circuit enough to improve reproducibility quite no- 
ticeably. 

This is an attractive demonstration of photoelectric 
emission and gaseous ionization; and it clearly and 
neatly frames the issues with a minimum of apparatus, 
there being no need of an external amplifier. Prepared 
in advance, with only the lamp and its support exposed 
to view, the experiment can be performed before an 
audience in less than a minute. 

Results only slightly less favorable are possible if 
110-volt, 60-cycle alternating current is used, instead of 
direct current. With this input the ignition voltage 
will be lower; and it will, of course, be necessary to do 
without the condenser, c, and its ground connection. 

If it is of interest to make more of this demonstration, 
by amplifying the sensitivity of the neon lamp to its 
limit, see Special Operating Notes below. 

(B). Further aspects of atomic structure may be 
illustrated with the aid of a Hittorf cathode-ray tube, 
energized by predominantly rectified (4) high voltage 
directly from an induction coil. In the vicinity of the 
shadow end of the tube (Figure 2), the sensitive lamp 
will light, under the ionizing power of the X-rays 
from the tube, the moment the induction coil is turned 
on (observe high-voltage polarities). Indeed, the lamp 
at the proper voltage acts as a sensitive detector of X- 
rays, thanks to the abundant ionization they cause. 
Repeating the experiment with a thick wooden board 
between the tube and the lamp, or enclosing the tube 
within a heavy wooden box, will perhaps heighten the 
effect; but, more importantly, it is likely to add unfor- 
getable point to some of the pertinent principles of 
atomic structure being illustrated. Interposing a sheet 
of lead, hung on the board, will attest (46) to the high 
atomic number of lead as the X-rays, no longer reaching 
the lamp, fail to light it. 
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Radiation from the high-voltage leads to the Hittorf 
tube is easily able to induce sufficient voltage in the 
leads to the neon lamp to cause the lamp to light, 
whether there is any X-ray generation or not. A valid 
demonstration therefore demands that the connections 
to the neon lamp be within braid shielding that is well 
grounded. This precaution may apply with equal 
force to (E) below. 

(C). A demonstration type, or projection type, 
milliammeter of low range may be used to advantage, if 
it is desired to dispel all doubt that ionization, initiated 
by the photoelectric effect, results in gaseous conduc- 
tion, timed with the neon glow. When the meter is 
not used, switch S is left closed. 

(D). If the neon lamp, readied as in (A), is illumi- 
nated by the flashlight beam from the side, rather than 
from the front, it can be shown that the site of the pho- 
toelectric sensitivity to visible light is at, or within 
(30), the surface of the electrodes instead of in the neon 
itself. Simply shade the electrodes, allowing the light 
beam to pass transversely through the forward part of 
the bulb, and the lamp remains dark. Then slowly re- 
tract the shade, until direct illumination reaches the 
electrodes: the lamp lights promptly. The fact that 
metals surrender electrons with relative ease (48) is thus 
rendered obvious in a most convincing manner. 

(E). <A collimated beam of X-rays, an inch or two in 
diameter, when passed through the gas in the sensitive 
neon lamp without impinging on the electrodes, will 
cause ionization of the gas itself and light the lamp. 
This, contrasting with the observations on visible light 
in (D) above, furnishes evidence of the high energy of 
X-ray radiation, reminiscent of the quantum-theory 
relationship: 

es ne 
EXPERIMENTAL 

The neon lamp, very close to its ignition potential in 
the dark, is extraordinarily responsive to external 
electric fields, the static charge produced by merely 
lifting a 3 X 5 in. glazed porcelain plate from the dry 
surface of a previously oiled wooden table top at a dis- 
tance of two or three feet from the lamp and its con- 
necting leads having been repeatedly found sufficient to 
trigger the glow. 

In fact, stray charges, cosmic rays, localized poten- 
tials on the glass surface (43) of the lamp, thermal noise 
level, fatigue effects (45) from condensation of the 
neon on the electrode surface (8), adsorption or release 
of gas by the glass envelope (44), and minute supply- 
voltage variations, may individually or in combina- 
tion sufficiently vie with the signal itself, when the 
lamp is barely short of lighting, to give rise to erratic 
photoelectric performance . . . which it is then best to 
view in private. . 

On the other hand, reliable photoelectric response, so 
essential before an audience, is easily assured by main- 
taining the neon lamp at something rather lower than its 
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spill-over voltage. It is with confidence that the flash- 
light may then be handed to a front-bencher for audi- 
ence participation. 


SPECIAL OPERATING NOTES 


(1) The more the supply voltage fluctuates, the more 
it is certain to mar attempts to show how greatly it is 
possible to magnify the photosensitivity of the neon 
lamp. It is then that some form of voltage stabiliza- 
tion will be required (1, 11, 31, 33), usually calling for a 
radio-receiver type power supply, operating on 110 volts 
a. c. 

(2) If a 110-volt d.-c. lighting service is available, 
whose voltage variations are only moderate, a sufficient 
degree of stabilization may be had for excellent perform- 
ance of the neon lamp as phototube, by using a VR-75 
glow-regulator tube in the circuit of Figure 3. This 
arrangement, all mountable on a small metal chassis or 
even Masonite panel, permits a micrometer approach 
(rs) to the ignition point of the lamp and has made it 
regularly possible to trigger the glow with the flashlight 
from a distance of 60 feet. It should be emphasized 
that the variable resistor, 7,, must be a wire-wound unit, 
if such results are to be expected, since the carbon type 
resistor of 1/, watt or 1 watt rating is not stable enough. 
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Figure 3. Circuit Diagram of Stable Voltage Supply, with Phototube 

re 5000 ohms, wire-wound. 

r3 2000 ohms, wire-wound, with adjustable tap at about 1500 ohms. 

r4 5000 ohms, wire-wound potentiometer (such as IRC volume control, 
# W-5000). 

rs 0.1 megohm, 1 watt. 

c 30-yf. paper electrolytic, 150 volts. 

G Ground connection, to nearby water pipe. 


S S.p.s.t. knife switch. 
MA 0-25 ma. direct-current demonstration milliammeter. 
Extension leads, preferably short. (See comment on shielding in 
text.) 


If the circuit of Figure 3 is connected to a d.-e. light- 
ing service, whose voltage is much above 105 or 110, its 
output voltage will probably always exceed the ignition 
point of the neon lamp. To correct this, supply this 
circuit from the adjustable-voltage output of the Figure 
1 circuit. 

By supplying the circuit of Figure 3 with 110-volts 
d. c. from an electronically stabilized power supply oper- 
ating on 110-volts, 60-cycle, a. c. (2, 12, 23), whose volt- 
age is maintained extremely constant, the photosensi- 
tivity of the neon lamp has been sufficiently enhanced 
to permit lighting the lamp by flashlight from a distance 
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of 100 feet, with good reproducibility. Performance of 
that order is improbable unless all connections pos. 
sible are soldered, conforming to universal practice in 
electronics; and shielding the leads to the lamp, with 
the shielding grounded (G, Figure 3), is almost a neces. 
sity. 

(3) The use of batteries (90 v. + 22.5 v.) as input to 
the Figure 3 circuit is likely to be only partially sue. 
cessful. : 

(4) Since not all NE-34 lamps are equally photosensi- 
tive, choosing one from among a number of them may be 
very well worth while. Only those lamps should be 
considered whose two semicircular electrode surfaces 
appear flat and strictly co-planar. 

(5) Because the glow discharge is evidence of several 
concurrent phenomena, it should be interpreted with 
care, even to the extent of making it clear to the student 
that the light is not the photoelectric effect per se, but 
its end result. And the beginner must not be led to 
suppose that the apparatus described here lends itself 
to quantitative measurement of, for example, minimum 
ionization potential (6, 8, 10, 14, 18, 20, 21, 27). 

(S$) If the sheet lead, Demonstration (B), is not con- 
nected to a good electrical ground, neither the intended 
effect nor the argument can amount to much. 

(7) The argon-filled lamp, AR-1, is apparently much 
less photosensitive than the NE-34 lamp. 

(8) CAUTION: The probability that exposure of 
the body to the X-ray radiation from a particular Hit- 
torf tube, or other unshielded high-vacuum cathode- 
ray tube operating at high voltage, is harmless over a 
period of time should not be lightly assumed. 
SUMMARY 

The NE-34 cold-cathode gas diode, used as photo- 
tube, becomes a simple, rapid, and direct aid to descrip- 
tive study of atomic structure by lending persuasive 
reality to several phenomena: 


~~ 


Photoelectric emission from metals (24, 30, 42, 47 

The (Townsend) ionization avalanche (20, 22, 25, 36, 37). 

Gaseous conduction (13, 26, 36, 45). 

Re-combination of ions (5, 13, 16, 40). 

Minimum ionization potential (by analogy) (41). 

Generation of X-rays by high-speed electrons (15, 19, 28, 29). 

Penetration of X-rays through solids, whose chemical elements 
are of relatively low atomic number (46). 
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s ON COMPRESSION WORK 


Ix widely used textbook of chemical thermodynam- 
ics there appears a statement implying that the work 
required to compress an ideal gas adiabatically’ from 
P, to Pz is always less than that required for carrying 
out the analogous isothermal process. Private in- 
quiry revealed that this opinion is shared by many 
students and instructors in thermodynamics, and no 
statement to the contrary was found in any of the text- 
books available. 

It is the purpose of this article to show that this is 
not true as a generalization, and to show further the 
conditions under which it is and is not correct. It will 
be shown that whether the isothermal or adiabatic 
compression requires more work, although independent 
of the initial temperature, depends on the ratio by 
which the pressure changes. 

At first thought it may seem reasonable that the 
adiabatic compression should require less work than 
the isothermal, since, because of the temperature in- 
crease in the adiabatic case, the final volume is greater 
and hence the change in volume is less than for the iso- 
thermal process. However, the amount of work done 
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obviously also depends upon the exact manner in 
which the pressure changes. Calculations show that 
the average pressure in the adiabatic is higher than in 
the corresponding isothermal compression. Thus we 
have two opposing factors. At lower values of P2/P; 
the larger volume change accompanying the isothermal 
compression is the more important factor, while at 
higher values of P2/P; the higher average pressure in the 
adibiatic compression predominates. This can be 
shown by Figure 1, which is a P-V diagram for the com- 
pression of one mol of a perfect monatomic gas initially 
at one atinosphere and 25°C. Notice that for a final 
pressure of four atmospheres the volume in the adia- 
batic case has decreased to only 10.65 liters, while in 
the isothermal case it has decreased to 6.12 liters. 
Notice, however, that the average pressure is higher for 
the adiabatic compression. The work required, rep- 
resented by the area under the curve, is 33.91 l.atm. 
for the isothermal and only 27.20 l.atm. for the adia- 
batic. On the other hand, for compression to 25 at- 
mospheres more work is required for the adiabatic than 
for the isothermal, as shown by the shaded areas. The 
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figures are 96.30 l.atm. and 78.78 l.atm., respectively. 
For a gas of this type the “cross-over point”? where the 
same amount of work is required for each type of proc- 
ess occurs in compression to 10.7 times the original 
pressure. The value of P2/P, at the “cross-over point”’ 
varies gradually with the heat capacity of the gas, be- 
coming less as the heat capacity increases. From the 
value of 10.7 for C, = 3/2 R, it decreases to 9.6 for 
C, = 5/2 R, and to 8.6 for C, = 8/2 R. At an in- 
finite value of C, the two curves merge, of course, since 
under this condition the adiabatic process would also 
be isothermal. 
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Figure 1. P-V Curves for a Perfect Gas 
It might be instructive to calculate the work in an- 
other way. For a reversible change in pressure of a 
mol of a perfect gas, the work done by the gas in the 
isothermal expansion is 


eee 5 
wr = RT, In (1) 


and in the adiabatic expansion is 


py. (P\R/Ce 
wa = CTs I (7) | (2) 


Subtracting (2) from (1), we obtain 
> R/C 
wi — wa = T, [e In mt —-C,+C, (7) " (3) 


If P2<P,, 7. e., if the gas is expanded, it can be shown 
that the right hand of equation (3) is positive. This 
means that the gas always does more work in the iso- 
thermal expansion. This is shown in Figure 2, which 
is a plot of w/T, versus P,/ Pe for a monatomic gas. 

The work which must be done on the gas to bring 
about a given pressure change reversibly, represented 
below by W, is, of course, the negative of that done by 
the gas (equation (3)), and thus 


Ps P.\ R/Cp 
Wi- WaT, [® Ing + Ce — C (7) | (4) 
1 1 
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Figure 2. 


Notice that the difference, W; — Wa, is proportional 
to 7, and notice, too, that its sign is not affected by 
T,. As mentioned above, for compression (P2>P;) the 
right hand side of equation (4) is positive for lower 
values of P:/P, and negative for higher values. This 
is clearly shown in Figure 3, which is a plot of W/T, 
versus P,/P, for a monatomic gas. 

In comparing Figures 2 and 3, it is interesting to 
note that the isothermal work is similar in expansion 
and compression, but there is no similarity in the adia- 
batic cases. The work done in an adiabatic expan- 
sion rapidly approaches a limit as P;/P:2 increases. 
This is not surprising, since the work done in an adia- 
batic expansion is done entirely at the expense of the 
internal energy and is therefore limited to the initial 
value of the internal energy of the gas (C,7\). On 
compression the work increases rapidly and without 
limit. 
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It should be pointed out that in engineering calcula- 
tions of work of compression where “flow work” is 
taken into account, the work required for the adiabatic 
is always greater than that for the isothermal process, 
regardless of the value of P2/P. 
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a MOLECULAR MODELS FOR LECTURE 
DEMONSTRATIONS IN ORGANIC CHEMISTRY’ 


T ue use of molecular models in lecture demonstrations 
of organic chemistry has presented a problem to many 
instructors. There is general agreement that such 
illustrations are useful, although admittedly the instruc- 
tor who uses only this type of demonstration has a 
barren repertoire. For most small classes the Brode- 
Boord-Hurd bal! and peg models? are quite satisfactory 
to show basic connectional relationships. At Occi- 
dental College we have found it helpful to purchase 15 
sets together with additional individual atoms’ and to 
build ‘“permanent’’ models of the substances to be 
illustrated during the lectures of the year. (It probably 
need not be emphasized that this was an evolutionary 
process.) These stock models, placed in adequate 
boxes according to lecture subject, can be taken to the 
lecture room when needed without the necessity of 
hurried pre-lecture construction or modification. Also, 
small bottles of reagents used in the particular lecture 
demonstration can be included in the boxes. 

Little justification is necessary for the maintenance of 
an ample supply of permanent models for display or 
illustration of reactions. ‘The time which is saved by 
the instructor is obvious. Moreover, when there is any 
confusion in the student’s mind regarding a model 
shown to him, it is certainly not decreased by the in- 
structor’s rapid dismantling of the model to build an- 
other. If this procedure is followed, the student may 
sadly watch the fragments of what he had almost under- 
stood materialize into something new and equally 
tormenting. This certainly does not mean that changes 
and reactions should not be illustrated with models. 
However, beginning students in organic chemistry 
might agree that many instructors blur the clear pic- 
ture they are trying to create whenever they use models 
to illustrate reactions. We feel that in such cases there 
should be two or more models of the starting material 
on the lecture table so that one will remain unaltered as 
a firm point of reference for the student. 





1 Presented at the 123rd Meeting of the American Chemical 
Society, Los Angeles, California, March, 1953. 

? BropE, W. R., anv C. E. Boorp, J. Cuem. Epuc., 9, 1774 
(1932). Commercially available as item S-61815 from E. H. 
Sargent and Co., Chicago, Ill. 

*The number is arbitrary, of course. Perhaps about ten 
sets would be an optimum quantity, and additional carbon atoms 
might be purchased in dozen or six dozen lots if desired. It is 
our regular practice to keep at least one complete kit of indi- 
vidual atoms always on the lecture table to illustrate unantici- 
pated student questions. We have not followed Brode and 
Boord’s excellent suggestions regarding systematic use of the 
models in laboratory instruction but we have several kits for 
loan to students for home or laboratory use. 
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The commercially available ball and peg models are 
not too satisfactory for large lecture classes, nor do they 
give indication of the sizes of the spheres of influence of 
the individual atoms. The latter objection is quite 
adequately eliminated in the Fisher-Hirschfelder-Taylor 
models,‘ but their small size makes them unsuitable 
even for rather small classes unless the group is gathered 
around the instructor. Nicholson,® in an excellent re- 
view of molecular models, has mentioned several 
lecture-size developments including Quill’s ball and peg 
models employing croquet balls, Shriner’s large wooden 
tetrahedra, and Campbell’s* and Dutton’s wooden 
models which resemble the Fisher-Hirschfelder-Taylor 
models but on a scale of one inch to one Angstrém. On 
several occasions Pauling and Corey have exhibited ele- 
gant research models employing wooden balls with such 
refinements as adjustable hydrogen atoms whose bond 
angles can be altered without affecting their connection 
to other atoms. There are probably many other in- 
dividual solutions of the problem but, perhaps like the 
majority of the foregoing, either they require a great 
deal of time in their preparation or are somewhat ex- 
pensive if a library of several dozen models is to be built. 

After considering several unprofitable systems using 
elements varying from ping-pong balls to practice golf 
balls, Dr. L. Reed Brantley of this institution began last 
year the use of Styrofoam plastic balls in his inorganic 
chemistry classes. The author has found them emi- 
nently suited to organic chemistry because of their rela- 
tively low cost, their ease of fabrication, and the availa- 
bility of sizes which roughly correspond to the most com- 
mon atomic volumes. The Stuart-type models’ con- 
structed from Styrofoam on a scale of one inch to one 
Angstrém are currently being used to supplement the 
commercial ball and peg models in the organic chemistry 
lectures. Modification has been made in benzenoid, 
ethylenic, and acetylenic carbon atoms to indicate the 
presence of x electron orbits in the completed molecules. 

Judging from the large photographs in several recent 
texts, one might conclude that presentation of a Stuart 








4 Available as item 12-821 from the Fisher Scientific Co., Pitts- 
burgh, Pa. Catalin, Inc., is manufacturing a similar set in 
England from plastic atoms with flexible connectors. 

5 NicHOLsoN, D. G., Chem. Eng. News, 30, 3164 (1952). 

6 CAMPBELL, J. A., J. CueM. Epuc., 25, 200 (1948). 

7 Stuart, H. A., Z. Phys. Chem. (B), 27, 350 (1934). 

8 If Styrofoam plastic balls are to be used in permanent large 
ball and peg models, the pegs can be constructed from meth- 
acrylate rod and the pegs fastened with polystyrene cement. We 
have not found such models very useful because the rods provide 
great leverage for enlargement of the holes. 
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Figure 1. A Fisher-Hirschfelder-Taylor Model of Methane; a Lambert Model of Methane (Scale = 1.1 Inch to 1 A. C—H Distance = 
a Later Model of Methane (Scale = 1 Inch to 1 A. C—H Distance = 1.2 Inches); Current Scale Model of Methane (Scale 
= 1.0 Inch) 


Distance 


type of model for a given class of compounds is a major 
part of the exposition of the chemistry of that class. 
Useful as our models are, we consider them as no more 
than adjuncts to the lecture! Moreover, we have found 
that the Stuart models have severe limitations. They 
convey a great deal of information in the simpler mole- 
cules to all levels of students. From more complex 
molecules the advanced student can gain an equally 
great amount of information regarding the space 
occupied by the whole molecule, relationships between 
groups, and the like. Unfortunately, the beginner who 
sees a polysaccharide or polypeptide for the first time 
may be more confused than enlightened. To decrease 
such confusion our first presentation of a complicated 
structure to a class is always prefaced by the statement 
that one should not expect to see more than the general 
outline of the repeating unit. The average student is 
urged to learn the blackboard formulas thoroughly be- 
fore trying to interpret the models. 

In our early work the covalent bond distance of the 
hydrogen atoms was made equal to 0.5 inches instead 
of 0.3 inches, in order to permit a good meeting of the 
carbon and hydrogen atoms without hand-tapering of 
the edges of the hydrogen cut faces. Although this is 
a very large percentage error (other inaccuracies in these 
models are not greater than 10 per cent) and although 
the difference is visible, it introduces little specious 
steric hindrance in simple alkane molecules. In Figure 
1 is shown a Fisher-Hirschfelder-Taylor model of 
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1.35 Inches); 
1 Inch to 1A. C—H 


methane in comparison with some of our own models on 
different scales. In Figure 2 are shown relative sizes 
of carbon atoms. Other alkanes and simple aliphatic 
molecules are shown in Figure 3. 8-p-glucose and a short 
length of the cellulose molecule (Figure 4) illustrate the 
limitations of this type of model; lack of color in the re- 
production makes identification of atoms even more 
difficult, of course. The —CH.OH group projecting 
above the plane of the unit toward the rear in alternate 
molecules can be discerned without too much difficulty. 
The oxygen atoms in Figure 4 also were early produc- 
tions and the oxygen atoms were made of 2!/2-inch 
rather than 2 ?/,-inch balls. Nevertheless, the covalent 
bond is equal to 0.7 inches and less specious steric 
hindrance seems to be present with these 2'/,-inch balls 
for oxygen. In Figure 5 are shown aromatic molecules 
and a portion of a polyacrylonitrile chain. 

One large scientific company was approached regard- 
ing commercial manufacture of this type of foam plastic 
models, but their conclusions were that the process 
would be too expensive on a commercial basis. With 
inexpensive student aid or free professorial labor the 
plastic atoms are quite reasonable and it is hoped that 
the details of construction given here will reduce the 
development work of other instructors. Styrofoam 
balls are commercially distributed as Christmas-tree 
ornaments and are probably available in many localities 
from novelty jobbers. The most uniform and cheapest 
balls were obtained from an Eastern fabricator of Dow 


® @, 


Figure 2. A Benzene Ring, an Acetylenic Unit, a Fisher-Hirschfelder-Taylor Tetrahedral Carbon, an Ethylenic Unit, a Tetrahedral Carbon 
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Figure 3. Front: Methane, Ethane, Propane, Butane, Isobutane. Rear: Ethylene, Acetylene, Isopropyl Alcohol, Glycerol, Acetaldehyde, Acetic Acid 





Figure 4. Front: §-p-Glucose. Rear: Cellulose (98-p-Glucose Units) 
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Front: Polyacrylonitrile. Rear: Aniline, 2.4,6-Trinitrotoluene, 8-Naphthoic Acid 


Figure 5. 











Figure 6. digs Used for Shaping Atoms 


Styrofoam.® Costs range from $3.60 a gross for balls 
of 21/,-inch nominal diameter to $1.30 a dozen for the 
4-inch nominal diameter size. If 2'/,-inch balls are 
used for hydrogen, the 2'/.-inch for tetrahedral carbon, 
and the 2°/,-inch for oxygen and nitrogen, the effective 
atomic diameters are on a scale of about 1 inch to | 
Angstrém. A suggestion by Dr. R. B. Corey of the 
California Institute of Technology that the benzenoid 
and ethylenic carbons should be somewhat larger to in- 
dicate z electron orbitals has been incorporated by using 
the 3'/.-inch balls for benzenoid and acetylenic carbon 
and the 3-inch for ethylenic carbon atoms. Even 
though realism is desirable, scraping of contiguous atoms 
and some unreal steric hindrance may be eliminated if 
the oxygen and nitrogen are reduced to 2'/2 inches and 
acetylenic carbon to 3 inches. The other technique of 
avoiding such hindrance, carving the sides of interfering 
atoms, is a bit laborious. 

Because polystyrene is a thermoplastic, heat-forming 
and sealing were first tried as methods of fabrication of 
the individual atoms from the Styrofoam balls. This 
technique was fast but it resulted in crude and variable 
products. Nevertheless, it is a bare possibility that a 
heating process might be successfully used if several hot 
plates were arranged at the proper angles and care were 
exercised not to shrink the balls unduly. 

Our present technique for “‘atomic syntheses’’ consists 
of cutting the balls in the jigs shown in Figure 6.'° A 
hacksaw blade or sharp knife can be used to slice the 
balls cleanly. Even though a tetrahedral carbon atom 








® Star Band Company, Broad and Commerce Streets, Ports- 
mouth, Virginia. The balls supplied are one-eighth to one- 
quarter inch smaller than the nominal size, but are relatively 
smooth and round compared to products of local suppliers. This 
firm does not manufacture 23/, or 3'/2 inch balls at present but 
might do so if enough demand were present. The 4-inch ball 
seems to be hand finished and is actually about 33/, in the ship- 
ments we have received. 

10 The adjustable jig was designed by an alert freshman, Mr. 
Leland Marple. 
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could be cut in the adjust. 
able jig, the last two cuts 
involve visual estimation for 
placing the atom and there. 
fore a special jig was made 
for these cuts on carbon and 
nitrogen. Basically, it is q 
trough (with sides forming 
an angle of 71°) fitted with 
a backstop for holding the 
half-formed carbon atom. 
The trough is inclined at an 
angle of 19° to the floor. 

More tedious than the 
cutting of atoms is the tech- 
nique of tapering atoms 
other than carbon so that 
the cut faces will have the 
same diameter as the carbon 
faces. Use of a standard 
buffing wheel produced 
worse results than hand smoothing and we did not de- 
sign a concave curved buffer. (None was available 
commercially.) Instead all grinding is done by rough- 
ing down the face edges with very coarse grit paper and 
then rubbing them with another piece of Styrofoam. 

Coloring of the Styrofoam was considered to be a 
major problem when the first dyes used resulted in 
faint pastel colors. However, spraying with ordinary 
or Siliconized enamel gives a brilliant finish without un- 
due dissolving of the plastic. Rubber-base paints are 
very satisfactory, as might be anticipated. They do 
not produce a shiny product but they can be applied in 
thick coats and actually make the atoms more resistant 
to impact damage. If enamels are to be used, high con- 
centrations of ester or petroleum solvents must be 
avoided because softening of the Styrofoam occurs. 
One batch was spoiled by allowing the atoms to dry 
while standing on a paper surface; evaporation was re- 
tarded and the solvent was retained by the paper long 
enough to soften the edges of the cut faces. Obviously, 
air movement aids drying and helps to prevent any such 
softening of the atoms. 

Permanent models are easily made by applying a resin 
glue or a small quantity of a cement made from the 
polystyrene scraps dissolved in a minimal amount of 
carbon tetrachloride or benzene. We believe it useful 
to prepare —CH—, —CH.—, —CH;, —OH, —COOH 
and similar units as permanent building blocks to ex- 
pedite preclass or classroom construction. Rotatable 
and temporary bonds can be formed by using pipe 
cleaners as connectors.'! The best type of pipe cleaner 
has rather long rayon fibers rather than the tightly 
bound cotton chenille present in smokers’ pipe cleaners. 
This is not a petty detail because it has been found that 
the long-fiber cleaners form very strong bonds, once 
they have been inserted in the atoms. If carefully in- 


11 Perhaps the name of a supplier may be obtained from the 
Star Band Company since the Styrofoam snow-balls are supplied 
to the Christmas trade with such cleaners inserted as holders. 
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serted in the same hole, they can readily be removed and 
replaced at least a hundred times without coming loose 
or enlarging the hole. In contrast, ordinary pipe 
cleaners enlarge the holes rather rapidly. 

Perhaps one word of caution in regard to handling the 
models is needed. These models are not delicately frag- 
ile but they are not rugged enough to be passed around 
the class. Dismantling and construction in the hands 
of the instructor or careful assistant will not hurt them. 
Occasional falls on the floor dent but do not destroy 
them. Nevertheless demonstration of free rotation by 
a ruthless student will rapidly remove the top layer of 
paint and make them look atomic-moth eaten. 

There is, to be sure, no reason why our variety of 
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molecular model could not be made in larger sizes for 
extremely large classes. The plastic balls are commer- 
cially available in diameters up to 6 inches and larger 
sizes might be produced. We have done no develop- 
ment work on the interesting possibility of forming the 
polystyrene foam in molds of the shape of individual 
atoms or of the benzene ring, because the local office of 
Dow Chemical Company advised us that they had never 
been successful in filling molds by formation of the 
Styrofoam in situ. It should be tried. 

We feel that these plastic models, regardless of future 
developments and despite some inherent limitations, are 
a convenient and useful addition to the lecture demon- 
stration equipment of organic chemistry. 


e A HOME REFERENCE LIBRARY FOR 
CHEMISTRY STUDENTS 


Because of the vast accumulation of data, today’s 
student of chemistry must rely on the literature more 
than ever before. It is therefore to his advantage to 
become acquainted with the organization and proper 
use of the chemical literature at the earliest possible 
stage of his training. A good way of helping him to 
accom;'ish this in an informal fashion is to encourage 
him to acquire for his own collection a core of reference 
books. A great number of undergraduate as well as 
graduate students are not aware of the wealth of infor- 
mation available in basic reference tools such as dic- 
tionaries and handbooks, simply because they are not in 
the habit of regularly consulting them. By owning 
a number of these relatively inexpensive reference tools, 
the student will have a great deal of information at his 
fingertips, and through constant use of it will develop 
good library habits which will not only benefit him 
throughout his professional career but also reduce his 
tendency to memorize material which he can readily 
obtain from these books. The present article contains 
an annotated list of dictionaries, guides to the literature, 
handbooks, and aids for report writing and literature 
searches. The lower-priced books have been chosen 
with the student’s limited budget in mind. This would 
naturally exclude encyclopedias, abstracts, indexes, 
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etc., which are a part of every technical library’s basic 
collection. In our opinion the student will make better 
use of these comprehensive tools after developing the 
habit of going to his own reference books for informa- 
tion. 


DICTIONARIES 


General: Aside from its common function of defi- 
nition, a dictionary may have one or more of the 
following features: pronunciation of words, lists of 
abbreviations, grammatical aids, style manuals, bio- 
graphical and geographical data, and synonyms and 
antonyms (important for getting subject headings in 
literature searches). 

“Webster's New Collegiate Dictionary,’ G. and C. Merriam Co., 

Springfield, Mass., 1949, $5. 

Webster's dictionary has all of the above features. 
New words and foreign words and phrases have been 
revised from the 1936 edition, so that this dictionary 
is useful for short, up-to-date definitions of technical 
terms. 


‘“‘Merriam-Webster’s Pocket Dictionary,” Pocket Books, Inc., 
New York, 1947, $0.35. 


Issued by arrangement with the publishers of Web- 
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ster’s New Collegiate Dictionary, this volume is smal- 
ler in size and less comprehensive in coverage (25,000 
entries as against 125,000) and without the encyclo- 
pedic features of the collegiate dictionary, except for 
lists of abbreviations and sizes of cities. 

Chemical: Chemical dictionaries describe or briefly 
define compounds, laws and theories, reactions, instru- 
ments, and apparatus in chemistry and related fields. 


“Hackh’s Chemical Dictionary,” 3rd ed., The Blakiston Co., 
Philadelphia, 1944, $8.50. 


This volume contains brief definitions of chemical 
terms, and is fully illustrated with charts (e. g., indus- 
trial gases, electromagnetic radiations, indicators), 
description of elements, compounds, minerals, drugs, 
animal and vegetable products. There are also draw- 
ings of chemical instruments and apparatus, and por- 
traits and brief biographical sketches of prominent 
chemists. 


“Condensed Chemica] Dictionary,” 4th ed., Reinhold Publishing 
Corp., New York, 1950, $12. 


The emphasis here is on substances with commercial 
importance. A feature of this dictionary is a list of 
chemicals by trade and brand names, with name of 
manufacturer. For important compounds, the phys- 
ical properties, derivation, impurities, grades, contain- 
ers, uses, caution, and shipping regulations are given. 

These are but two examples of the half-dozen or so 
chemical dictionaries which are currently on the market. 
The former covers a broader field of the science, and 
gives longer definitions. The latter stresses applied 
chemistry, and is useful for identifying compounds 
known only by trade names. 

Bilingual Technical Dictionaries: A large portion of 
the literature is written in foreign languages, German 
and French being the most important ones, with Rus- 
sian constantly becoming more significant. A good 
technical dictionary should contain the following fea- 
tures: up-to-date technical terms in chemical as well 
as related sciences, a basic general vocabulary, a brief 
introduction to the grammar, and an explanation of 
the system of alphabetizing. 


Parrerson, A. M., ‘‘A German-English Dictionary for Chem- 
ists,’ 3rd ed., John Wiley & Sons, Inc., New York, 1950, $5.50. 


Patterson has all of these features. There are over 
59,000 terms, including a list of abbreviations inter- 
filed alphabetically. In many instances, the science in 
which the word is used is indicated. In addition to 
pure and applied chemistry, Patterson also covers 
important terms in related sciences. In the intro- 
duction, a large number of other German-English, 
English-German technical dictionaries, which will be 
found in most large libraries, are mentioned. 

De Varies, L., ‘German-English Science Dictionary for Students 


in the Agricultural, Biological, and Physical Sciences,” 2nd ed., 
McGraw-Hill Book Co., Inc., New York, 1946, $5. 


This dictionary covers a broader range of the sciences 
and is therefore not as inclusive for chemical terms. 


JOURNAL OF CHEMICAL EDUCATION 


Patrerson, A. M., “A French-English Dictionary for Chemists,” 
John Wiley & Sons, Ine., New York, 1921, $4.50. 


This work is by the same author as the German. 
English dictionary, although it is not as up to date as 
the latter. 


De Vries, L., ‘French-English Science Dictionary for Students 
in Agricultural, Biological, and Physical Sciences,” 2nd ed., 
McGraw-Hill Book Co., Inc., New York, 1951, $6.50. 


Again, this is not exclusively devoted to chemistry, 
but is more up to date in terminology than Patterson, 
It contains a list of other French-English, English- 
French dictionaries for further reference. 


HANDBOOKS 


Handbooks contain a large amount of useful infor- 
mation which may be either of a general nature (e. g., 
World Almanac) or pertaining to a special subject 
(e. g., Handbook of Chemistry). Data on a variety of 
subjects is conveniently assembled in one volume, 
making the information readily available. Since all 
this information is copied from another source, errors 
occasionally occur, and, in the case of chemical infor- 
mation, the data are seldom up to date. It might be 
pointed out that one cannot make a literature search 
merely by consulting a chemical handbook, and that 
the information contained therein should be evaluated 
with its limitations kept in mind. 

General: 


“World Almanac and Book of Facts,’’ World Telegram and Sun, 
New York, yearly, $1.10. 


The material covered by the Almanac ranges from 
important historical dates since 4,004 B.C. to vital sta- 
tistics about Miss America. Topics of more pertinent 
interest to chemists are Nobel Prize winners, American 
Chemical Society awards, U. S. patent and trade mark 
laws, mean temperature and precipitation in the 
United States, and average wholesale prices for chem- 
icals 1920-51, among others. 

Chemistry: The two major handbooks in chemistry 
are: 


LanaE, N. A., “Handbook of Chemistry,” 8th ed., Handbook 
Publishers, Sandusky, Ohio, 1952, $7. 

“Handbook of Chemistry and Physics,” 33rd ed., Chemical Rub- 
ber Co.. Cleveland, Ohio, 1951, $7.50. 


Both of these include tables of physical properties 
of compounds, glossaries of technical terms, laboratory 
formulas and recipes, first aid directions, tables of 
hazardous chemicals, specific gravity of aqueous solu- 
tions, trade names of chemicals, and mathematical 
tables. Lange gives references to Beilstein for organic 
compounds, has an outline of qualitative analyses based 
on H,S separation, a list of organic solvents arranged in 
the order of their boiling points, a dilution table for 
volumetric solutions, and a list of volume numbers and 
years for important chemical journals. The ‘Chemical 
Rubber Handbook,” as the “Handbook of Chemistry 
and Physics” is commonly called, has more mathemati- 
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cal tables, physical constants of metal-organic com- 
pounds, and, in general, more data on physics. 


ATLASES 


Although chemists are seldom called upon to use 
atlases in their professional work, a recent inexpensive 
pocket book edition of high quality seems worth men- 
tioning: 

Rand MeNally’s Pocket World Atlas, Pocket Books Inc., New 

York, 1951, $0.35. 


This atlas, issued by one of the best U. 8. atlas pub- 
lishers, has many of the features of a regular-sized 
atlas, although a reading-glass is sometimes necessary 
to discern the fine print. There are 174 pages of maps, 
some of them in full color, with an index to cities and 
towns as well as economic facts for principal countries 
and geographical and historical facts about the United 
States. 


GUIDES TO THE LITERATURE 


The chemical literature is well organized and neatly 
compartmentalized by types of publications. Guides 
to the literature will help students to determine where 
to search for specific information. 

Dyson, G. Matcoim, ‘‘A Short Guide to Chemical Literature,” 

Longmans, Green and Co., New York, 1951, $2. 


This, the latest and most compact guide, briefly lists 
dictionaries, encyclopedias, journals, abstracts, and 
texts. One chapter gives an example of an organic 
chemistry literature search. 

Soutz, B. A., “Library Guide for the Chemist,’”’ McGraw-Hill 

Book Co., Inc., New York, 1938, $3.75. 

, 


This is not as up to date, although more compre- 
hensive. It covers the literature by field of chemistry, 
and contains chapters on the use of the library, patents, 
government publications, and reports. 


MELLON, M. G., ‘Chemical Publications, Their Nature and Use,” 
2nd ed., McGraw-Hill Book Co., Inc., New York, 1940, $3.75. 


This book, as well as Soule, is a text, Mellon’s being 
intended for a course in chemical literature taught by 
the author at Purdue University. It includes sections 
on patents and other government publications, text- 
books and general reference works, and a list of peri- 
odieal articles for further reference. 


Huntress, E. H., “Brief Introduction to the Use of Beilstein’s 
Handbuch der organischen Chemie,’ 2nd ed., John Wiley & 
Sons, Inc., New York, 1938, $1.75. 


Beilstein is not only the most important reference 
work in organic chemistry but also one of the most 
difficult to use. This valuable pamphlet gives a good 
description of Beilstein’s classification scheme, and 
illustrates how to find a particular compound. 


CUMULATIVE INDEXES 


Cumulative indexes are guides to the contents of a 
number of volumes of periodicals. They are a time- 
saver in literature searching since instead of having to 
check up to 46 individual annual indexes, one finds the 
identical information in just one volume. Some 
cumulative indexes can be purchased separately, and 
make an excellent bibliography on certain topics. 
Annual Review of Biochemistry, Cumulative Index 1-10, 1932-41; 

11-20, 1942-51, $6 each. 

Annual Reports on the Progress of Chemistry (Chemical Society, 

London), Cumulative Index 1-46, 1904—49, $3.50. 


JOURNAL OF CHEMICAL EpucaTIoN, Cumulative Index 1-25, 
1924—48, $3. 


BIBLIOGRAPHIC AIDS 


“List of Periodicals Abstracted by Chemical Abstracts,’ Chemical 
Abstracts, Columbus, Ohio, 1951, $3. 


This book, issued with the 1951 Chemical Abstracts 
Subject Index or sold separately, gives the official 
abbreviations for periodicals for use in bibliographic 
citations, a list of libraries receiving a given periodical, 
its frequency of appearance, and the 1951 volume num- 
ber. 


REPORT WRITING 


Hints as to format, presentation, style, and content 
of a technical report will be found in the following 
works especially prepared for students. 


“What to Think About in Report and Letter Writing,’ Sun Oil 
Co., Philadelphia, 1951, free. 


This is a 33-page pamphlet describing the various 
types of reports, giving guidance in their preparation, 
and a few notes on grammar. 


KEREKES, F., AND R. WINFREY, “Report Preparation,” 2nd ed., 
Towa State College Press, Ames, Iowa, 1951, $6.80. 


This is a more comprehensive text, dealing fully with 
the collection of information, mechanics of style, and 
format and arrangements of technical letters, papers, 
and articles. Each section is illustrated with a repro- 
duction of an original report. The book contains an 
excellent discussion of tabular presentation and the 
preparation of illustrations. 

Once the student has these basic reference works as 
part of his own collection and makes efficient use of the 
information contained therein, the tendency to memo- 
rize all data, often carried over from the earliest stages 
of his training, will be decreased. Independent use of 
these aids will help to awaken his initiative in finding 
information for himself. Thus, to encourage him to 
build up his own reference collection and use it as an 
everyday tool will help to make him utilize intelligently 
the recorded literature upon which, in the final analysis, 
his work is dependent. 


CES 








© ROBERT SCHWARZ 


Every inorganic chemist is familiar with the work of 
(Karl Gottfried) Robert Schwarz, whose long list of 
publications has made his name a familiar one on both 
sides of the Atlantic. He was born in Berlin on De- 
cember 17, 1887, and studied chemistry at Berlin, 
Breslau, and Freiburg, where he took his Ph.D. in 1910. 
His dissertation dealt with ‘““Bohnerztone und afrikan- 
ische Erden” and was prepared under the guidance of 
Wilhelm Meigen (1873-1934) who was much interested 
in the geological and crystallographic facets of chemis- 
try.!. The choice of this topic was in line with Schwarz’s 
intention to devote himself, after graduation, to cer- 
amics. For this reason, he worked at first in the Ex- 
perimental Station of the Staatliche Porzellanmanu- 
faktur in Berlin, but at the urging of his former teacher 
Ludwig Gattermann? he returned to Freiburg to pre- 
pare himself for a teaching career. He qualified as 
Privatdozent at Freiburg shortly before the opening of 
World War II; his habilitation work dealt with silicon 
chemistry and was the first of a long series of researches 
revolving around this element. In 1922 he was called 
to the chair of inorganic and analytical chemistry at 
Freiburg; in 1928 he went to Frankfurt as full professor; 
in 1934 he moved to Kénigsberg. Since 1948 he has 
been at his present post, professor of inorganic and 
electrochemistry at the Technische Hochschule in 
Aachen. 

His youthful choice of silicon as a field of research has 
been pursued faithfully and in various directions. At 
first, he studied the chemical processes involved in 
weathering and kaolinization, and this extended series 
of researches culminated in 1933 with the successful 
artificial conversion of feldspar into kaolin. The lab- 
oratory synthesis of kaolin led to important conclusions 
regarding the conditions obtaining in the natural for- 
mation of this material. Later, silicic acids were the 
subject of another extensive series of studies. It was 
found, contrary to previous assumptions, that this sys- 
tem is not one which can be definitely represented by 
the general formula (SiO,),.aq. Instead, there are defi- 
nite polyacids, of which the disilicic acids (H2Si.Os), 
can be obtained in crystalline form. Other researches 
in the field of silicate chemistry include studies of 
the constitution of porcelain; the electrical conduc- 
tivity of crystalline and vitreous silicates; the processes 
occurring during the electrolysis of glass at high tem- 
peratures. An entirely different phase of silicon chem- 
istry is represented by his studies of the easily decom- 








For biographical details of Meigen, see Wertz, E., Ber., 68 
A, 29 (1935). 

2 See OzspeER, R. E., J. Cuem. Epuc., 19, 444 (1942); Scuwarz, 
R., Chem. Ztg. 44, 513 (1920). 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


posable and air-sensitive compounds containing silicon 
chains. In 1937 he prepared a compound, SijoCle, in 
which ten silicon atoms are directly linked together, 
Several years later, a compound with no less than 25 
links was prepared by this same procedure, namely by 
thermal treatment of silicon tetrachloride in the quench. 
ing tube. When cracked, such long-chain compounds 
go over into a highly polymeric monochloride, (SiC)),, 
and ring-shaped silicon chlorides can be obtained as 
intermediate products. The first member of this new 
class is SijoClhs, which has the structure of a perchlor- 
silicodecaline. Recently he has devoted considerable 
attention to silicic esters, and has prepared, for the 
first time, a large number of these compounds. 

Since germanium is so closely related to silicon it was 
but natural that it too became the subject of many 
studies. Among the important feats in this field were 
the preparation of an optically active germanium 
compound; polygermene (GeHe2),; germanium-nitro- 
gen compounds; heteropoly acids; and numerous 
organic germanium compounds. 

Other studies in the inorganic field of special interest 
dealt with: the peroxides of titanium, zirconium, 
hafnium, and thorium; peroxy nitric acid; the con- 
stitution of chromium peroxide CrOs; and the blue 
perchromates; sulfur tetroxide; the bromine oxides 
BrO, and Br.O. The preparation of these oxides was 
accomplished by the reaction of the components in the 
glow discharge, which thus showed itself to be a real 
aid in the field of inorganic preparative chemistry. 

Studies of medico-chemical character yielded espe- 
cially a new colloid-chemical spinal-fluid reaction in 
which he employed “siliquid,”’ (a colloidal dispersion of 
SiO.), and gave new insights into the processes of bone 
formation. 

Other researches in the non-inorganic field have dealt 
with the pyrogenic syntheses of hydrocarbons in the 
quenching tube. Papers of a more theoretical nature 
discussed the relation of silicon and carbon chemistry, 
and the polarity principle in chemistry. A full view 
of the breadth and depth of his interests can only be 
gained by an examination of the titles of his papers 
(about 175) in the indexes of Chemical Abstracts. 

Among his books, the best known are: ‘‘Chemie 
der anorganischen Komplexverbindungen,” which was 
translated into French, Spanish, and English (New 
York, 1923); “Anorganische Chemie’; ‘‘Chemisches 
Praktikum fiir Mediziner.’’ A very successful teacher, 
he has trained a large number of competent chemists. 

Professor Schwarz is a Corresponding Member of the 
Deutsche Akademie der Naturforscher and holds the 
Alfred Stock Memorial Prize. 
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* AMMONIA AND ‘“‘AMMONIUM HYDROXIDE”’ 


A xvmser of years have elapsed since there has been 
any significant change in the formulation and the teach- 
ing of the basic concepts of chemistry. Moreover, 
what seems to be more serious, several of the textbooks 
that have passed through this laboratory during the 
past year seem to represent a tendency on the part of 
some textbook authors to revert to ancient and worn- 
out expedients which have long since outlived their 
usefulness. Many new data have been obtained from 
many sources, and these new facts demand a decided 
revision of (1) certain chemical theories, and (2) equa- 
tions representing certain reactions. 

One of the several reactions that needs reevaluation 
in the light of the modern theory of valence is the reac- 
tion between ammonia and water. Ammonia is com- 
monly represented as reacting with water to form ammo- 
nium hydroxide, NH,OH. Now if a molecule is defined 
asa group of atoms held together by covalent bonds, it 
is immediately obvious that no such molecule as that 
represented by the formula, NH,OH, actually exists. 
The water molecule and the ammonia molecule are in- 
deed attracted to each other, and this attraction is the 
result of the so-called hydrogen bond. The name, hy- 
drogen bond, is misleading, since the force acting be- 
tween the two molecules is not of the nature of a true 
chemical bond but can be described more accurately as 
a dipole-dipole attraction. It appears that when the 
hydrogen atom is bonded to a small, electronegative 
atom, the strong pull which the atom exerts on the 
bonding electrons leaves an effective positive charge on 
the hydrogen atom which is sufficient, because of the 
absence of shielding electrons, to cause attraction for a 
second electronegative atom.' Hence the hydrogen 
atom bonded to the electronegative oxygen atom of 
the water molecule will attract the electronegative 
nitrogen atom of the ammonia molecule. Using a 
dotted line to represent the dipole-dipole, the combi- 
nation of the two molecules is represented as follows: 


H H 
H:N: + H:0: = H:N:...H:0: 
il iH il H 


This bond is longer than the normal covalent bond and 
this fact seems to preclude the possibility of resonance. 

The hydrogen bond is comparatively weak, having 
roughly 5 per cent the energy of a covalent bond. It 
follows that the energy of activation of such a bond is 
small and, consequently, the bond forms and breaks 
with ease at ordinary temperatures. 





‘Moe.ter, T., “Inorganic Chemistry,’ John Wiley & Sons, 
Inc., New York, 1952, p. 189. 


JOHN B. DAVIS 
American International College, Springfield, 
Massachusetts 


In a 0.1 molar solution of ammonia in water, the 
water molecules outnumber the ammonia molecules 
550 to 1; and this would appear to be an ideal en- 
vironment for the practically complete reaction of 
ammonia with water if any valence bonds of significant 
strength existed between these molecules. This re- 
action is far from complete, however, and, according 
to Sidgwick,? about 46 per cent of the ammonia re- 
mains free and unhydrated in such a solution. This 
unfavorable equilibrium shows beyond a doubt that 
the force of attraction between these two molecules is 
very weak, and the combination of these two molecules 
is unstable and tenuous. The well-known fact that 
ammonium hydroxide cannot be isolated by carefully 
evaporating an aqueous solution is further proof for 
this conclusion. 

If any additional clarity were gained by the use of 
the fiction of the ammonium hydroxide molecule, per- 
haps its continued use might be justified. But this is 
not the case. The teacher can present the chemistry 
of ammonia more clearly, and at the same time find 
himself in a much sounder position from the point of 
view of the theory of chemical valence, by simply repre- 
senting the reaction between water and ammonia thus: 


H H 
H:N: + H:0: — H:N:H?t + :0:H- 
H H H 


and the equilibrium constant for the reaction by the 
following equation: 
_ _ [NH,+] (OH-] 
Se Nal 
To summarize: 

(1) There is no true chemical bond acting between 
ammonia molecules and water molecules. 

(2) These molecules are attracted to each other by a 
dipole-dipole force which is roughly 5 per cent of the 
strength of a covalent bond. 

(3) Even under favorable conditions only about 
half of the ammonia molecules are hydrated in aque- 
ous solution. 

(4) The force between the water molecules and the 
ammonia molecules is so weak that the hydrate cannot 
be isolated by the most careful evaporation of the aque- 
ous solution. 

(5) Nothing is gained in clarity or understanding 
by continuing the fiction of the reality of the ammonium 
hydroxide molecule. 








2 Sipewick, N. V., “Chemical Elements and Their Com- 
pounds,” Oxford University Press, London, 1950, Vol. 1, 658-60. 
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* THE OPERATION OF A MULTIPLE 


STOCKROOM' 


T ue basis of this article is the multiple stockroom set- 
up used by the Chemistry Department at The Pennsyl- 
vania State College. At present, we are operating one 
reserve stockroom and four retail storerooms. Al- 
though we are just moving into our new reserve stock- 
rooms, the reserve stockroom is not a new development 
at The Pennsylvania State College, since we have been 
operating from a reserve stock for a number of years. 
Fortunately it became possible to design and build 
modern stockroom facilities when our present building 
program was activated. These facilities will be used 
jointly by the Department of Chemistry and the Petro- 
leum Refining Laboratory which is a separate division 
of the School of Chemistry and Physics. 

The storage area is not part of the main campus. 
There are two important reasons for this: safety and 
construction cost. The hazards involved in the storage 
of chemicals are well known. As a matter of fact, in 
some instances, particularly in the case of the more 
volatile flammable solvents, it is necessary to balance 
storage problems against the price advantage of 
quantity buying. The second factor, construction 
cost, was very important to us. We could not use 
cinder block construction on the main campus. The 
choice was between a much smaller higher-priced stor- 
age area and the present expanse of relatively low- 
priced storage. 

Each of the two buildings consists of four separate 
units, 30 feet wide and 60 feet long, each of which is 
accessible to trucks from both the front and the rear. 
The large sliding doors provide an opening 10 feet wide 
and 10 feet high, thus permitting deliveries to be made 
inside the various units. No loading platforms are pro- 
vided, since we believe it is more economical and con- 
venient to use a mechanical loader. One of the build- 
ings (B) is designed for flammable storage. Each of its 
four units is protected with a fog system actuated by a 
rate-of-rise head. This latter is a device which is un- 
affected by ordinary changes in temperature, but is set 
off by a rapid rise in temperature. All fog nozzles in 
any given unit operate at the same time. In the event 
of fire, there will be a fog blanket throughout the unit to 
prevent re-ignition of vapors and to cool all other vola- 
tile materials as rapidly as possible. The other build- 
ing (A) ‘is designed for storage of inorganic chemicals, 
laboratory apparatus, glassware, and the like. The 





1 Presented as part of the Symposium on Storeroom Manage- 
ment, etc., at the 122nd Meeting of the American Chemical So- 
ciety, Atlantic City, New Jersey, September, 1952. 


ALBERT H. HOLTZINGER 
The Pennsylvania State College, State College, 
Pennsylvania 


unit at the one end of this building is subdivided to pro- 
vide office space and toilet facilities. An ordinary 
sprinkler system is used for fire protection. This means 
that in case of fire, only the sprinkler heads in the im- 
mediate vicinity of the fire will go into operation, 
However, rate-of-rise monitors are also used in these 
units to permit water to fill the mains prior to the melt- 
ing of a sprinkler head. The rate-of-rise monitors in 
this building do not actuate the sprinkler system; their 
sole function is to set off the alarm and permit water to 
enter the mains. Unless a sprinkler head fuses, no 
water is sprayed into the unit. However, the operation 
of the sprinkler system does not depend upon prior 
operation of the rate-of-rise monitor. If a sprinkler 
head is fused, the alarm is set off, water enters the mains 
and is discharged from the open sprinkler. As is 
evident from the above description, dry systems are 
used for fire protection. While this entails a slight de- 
lay in the operation of the sprinkler and fog nozzles, 
failure of the system from frozen lines is prevented. 

The buildings were designed to provide a safe storage 
area. Each unit in a building is sealed off from the 
neighboring units with a concrete block wall. All 
switches and electrical fixtures are of either vapor-proof 
or explosion-proof type. There are no electrical outlet 
receptacles inside the flammable storage area. Each of 
the eight units has an emergency shower. Each unit 
has two exits, in the form of pilot doors, one at either 
end. 

There are two offices in the front third of Unit I in 
Building A; one of these offices will be used by the 
Petroleum Refining Laboratory and the other one by 
the Chemistry Department. Between the two offices 
is sufficient space to house the mechanical loader and 
other common equipment. The valve room for the 
sprinkler system and the toilet room are also in this unit. 
Steel shelving is provided in the other two-thirds of this 
unit for inorganic chemical storage. Unit 2 is me- 
chanical storage for the Petroleum Refining Laboratory 
No shelving is provided in this area. Unit 3 is Pyrex 
storage. Shelving and bins are provided along one wall 
for the storage of glass tubing and rods, and smaller 
laboratory supply items such as watch glasses, sponges, 
iron rings, porcelain ware, corks, rubber stoppers, and 
the like. The major portion of this area is used for case 
lots of glassware. Unit 4 is acid storage. The bromine 
and sodium room is in the one corner. This room is 
completely separated from the main acid storage and, 
needless to say, it is not sprinkler protected. Heavy 
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wooden shelving was installed in this room, since less 
than case lots may be stored in this location. No 
shelving is provided in the main acid "oom since nothing 
but full or empty cases will be handled in this area. 

Units 5, 6, 7, and 8 are in Building B, under fog pro- 
tection. Unit 5 is organic chemical storage. Steel 
shelving is used throughout this unit which will house 
the finer organic chemical supply, as well as compounds 
prepared in thesis work. A portion of this area also 
may be used to store some smaller miscellaneous supply 
items. Unit 6 is bulk solvent storage. Both barrel 
racks and steel shelving are used. I-beams were in- 
stalled above the barrel rack aisles to permit use of 
traveling chain hoists for handling barrels. Compressed 
air is available in this unit to facilitate thorough airing 
of the barrels before return to the shipper. Units 7 and 
8 have been assigned to the Petroleum Refining Lab- 
oratories. Unit 7 is a Barrel Room, and again I-beams 
for chain hoists have been provided. Unit 8 contains 
steel shelving and is used for organic storage. 


OPERATION OF RESERVE STOCKROOM 


No broken case lots of laboratory supplies are held in 
the reserve stock, with the exception of a few items 
which normally are not purchased in case lots, such as 
ring stands, trip balances, clamps and clamp fasteners. 
If a retail store needs supplies, a full case is withdrawn 
from stock and if necessary, the case is divided among 
the several storerooms. In the matter of chemicals, no 
broken bottle lots are held in reserve. Although an 
attempt is made to purchase in standard case lots to 
obtain the price advantages, the retail store is supplied 
in single bottle quantities. The size bottle purchased 
is dependent on the chemical and its use. As a general 
tule the largest size that is consistent with good practice 
is stocked. In some cases different sized bottles of the 
same chemical are used. If a pound of a particular re- 
agent will last a laboratory for a year, obviously this re- 
agent should not be purchased in five-pound bottles; on 
the other hand, if the laboratory uses ten pounds of a 
chemical per week, normally this material should not be 
purchased in one-pound bottles. The common acids 
and ammonium hydroxide are dispensed from reserve 
stock in case lots. Two sizes are used, the regular five- 
pint bottles and the one-pound bottles. Acid is not 
purchased in carboys despite the fact that acid is bought 
in car load quantities. It is believed that it is worth 
the higher price to avoid the transfer to smaller bottles 
with its attendant labor cost and safety hazards. Sol- 
vents and some of the more common organic liquids, 
with the exception of ethanol, are dispensed from the 
reserve stock in five gallon containers. 

There is no justification for the operation of a reserve 
stockroom unless purchases are made in quantities that 
will provide maximum possible discount. For instance, 
it is foolish to buy ten cases of Pyrex per month—it is 
much cheaper to buy 120 cases of Pyrex once a year. 
The same thing is true in the case of all other quantity 
discount items; purchases must be grouped for maxi- 
mum saving. Normally a reserve stock should be built 
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up carefully and gradually. It is necessary to maintain 
an accurate and up-to-date perpetual inventory of the 
reserve stock, since this alone can give a real picture of 
present and future demands on the stockroom. It 
must be remembered that staff members rely on the 
reserve stock for their supplies, and unless there is 
sufficient supply on hand to meet anticipated needs, 
difficulties may arise. In the case of the undergraduate 
laboratories, it is rather easy to predict the requirements 
a year in advance unless the undergraduate program is 
in a state of flux and the staff members in charge don’t 
know what they are going to need, and under those cir- 
cumstances one just hopes for the best. In the case of 
the graduate and research laboratories, the problem is 
more difficult. It is practically impossible to predict 
the special needs of these groups, although certain 
standard items frequently are used in almost fixed 
quantities. So despite the fact that it is generally 
advantageous for most schools to make one major pur- 
chase each year, it always will be necessary to make 
some interim purchases. 

An outline of the system used in setting up the annual 
order at The Pennsylvania State College may be of in- 
terest. Early in the second semester the head stock- 
man checks his running inventory of the reserve stock 
and makes certain that his records are up to date. At 
about the same time, a note is sent to each senior staff 
member requesting a list of special items needed for the 
next academic year. The notice specifies that chemicals 
and equipment ordinarily used in the undergraduate 
courses will be ordered as a matter of routine. How- 
ever it is the responsibility of the staff member to give 
notice of any proposed changes in the course that may 
affect chemical or equipment needs, for it is just as 
important to know what not to buy as it is to know what 
tobuy. The deadline set for the replies is usually about 
three weeks prior to the deadline for completion of the 
order. 

Next, the inventory cards are reviewed to compare 
the reserve stock with the amount used during the 
current year. If the amount on hand is not at least 
twice the amount used during the year, that item is 
placed on the tentative order list. If the amount used 
during the year differs very much from the average 
usage over the past several years, the reason for this 
difference must be found, and the amount placed on 
order must be adjusted in the light of this information. 
The last step in preparing the tentative order is the 
final checking of the staff members’ requests against the 
inventory cards and the order list. The tentative order 
then goes to the Purchasing Department, where it is 
combined with orders from other departments or 
schools of the college. This combined list is sent to 
various supply houses for competitive bidding. 

THE RETAIL STOREROOMS 

As mentioned previously, there are four retail store- 
rooms in operation. No attempt is made to carry a 
complete line in any one of them. Each one is stocked 
to meet the normal demands of the group served by that 
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particular storeroom. It is the responsibility of the 
storeroom man to maintain an adequate stock to serve 
his laboratories. 

Except for three things, no attempt is made to inven- 
tory the retail storerooms. The exceptions are ethanol, 
narcotics, and platinum ware. Special procedures have 
been established for handling these items. 

There are no cash transactions at any of the store- 
rooms. However, three other types of purchases can 
be made, and these will be discussed in conjunction with 
the services to which they apply. 

The service to the undergraduate laboratories 
operates very smoothly. In most of the laboratories, 
the student is assigned to a specific working space and 
an individually locked drawer or cupboard. In the 
undergraduate organic laboratory for instance, there 
are four cabinets or drawers at each working space. 
Each drawer is permanently stocked with the equip- 
ment needed for the courses given in that laboratory. 
Through the cooperation of the staff members involved 
it was possible to standardize on a list of apparatus 
which is suitable for any one of the five different courses 
given in this laboratory. 

At the time of his first laboratory class, the student is 
given the key to his desk and an equipment list. The 
student checks the equipment in the desk and any 
shortages due to missing or broken items are corrected 
during this check-in period. The equipment then be- 
comes the responsibility of the student. At the last 
meeting of the laboratory section, the student is checked 
out by his laboratory instructor. The equipment in the 
desk must be in first-class condition and must corre- 
spond with the original check list. All shortages must 
be made up by replacement from the stockroom. It is 
to be noted that this equipment is kept in the desk and 
is not returned to the stockroom. 

Purchases by the undergraduate are made with a 
breakage ticket similar to the ordinary meal ticket. 
The student buys this ticket from the college Bursar at 
the beginning of the semester. The ticket must be pre- 
sented at the storeroom before a key to the desk can be 
obtained. At the same time the key is issued, the 
ticket is punched in the upper right hand corner. This 
punch serves several purposes. It prevents more than 
one student using the same ticket to obtain keys to two 
or more laboratory desks. A ticket which has not been 
punched can be certified for full refund at face value 
simply by presenting it to the office of the Director of 
the Chemical Laboratories. However, if there is a 
punch in the upper right hand corner, the ticket will not 
be certified for refund unless it bears an authorized 
signature indicating that the desk has been checked and 
found in order. At any time during the semester the 
student may make purchases from the storeroom by 
presenting his ticket. The amount of the purchase is 
punched from the ticket. At the end of the semester, 
after the desk has been checked, any unexpended portion 
of the breakage ticket is certified for immediate cash re- 
fund by the Bursar. Incidentally, the student cannot 
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obtain a refund on any apparatus purchased from the 
storeroom. 

There is an interesting sidelight on these refunds 
The student counts the amount due him, and these 
figures are checked twice—first by the laboratory 
assistant and then by the certifying officer. As might 
be expected, quite a few errors are discovered, but al- 
most invariably the errors are in favor of the college and 
not the student; the ratio seems to be about 100 to 1. 

At the present time, in all but the freshman labora. 
tories, solutions and side shelf reagents are the responsi- 
bility of the staff member in charge of the laboratory, 
Frequently graduate students are used in this labora- 
tory preparation service. The needed chemicals are 
drawn from the retail storeroom for the particular 
course involved. Sometimes chemicals are purchased 
specifically for a particular course. If the chemicals 
have not been delivered to the staff member in charge, 
they may be stored either in a retail storeroom or in the 
reserve stock. In either case the chemicals are marked 
for that specific use, and cannot be obtained for any 
other purpose except upon written authorization from 
the Director of the Laboratories or the staff member for 
whom the material was purchased. 

In the freshman laboratories, the chemical supply 
probiem is handled in a different manner. Most of the 
chemicals needed are supplied in kits, which must be 
purchased by the student at the beginning of the 
semester. The kits contain the dry chemicals that will 
be used by the student during the first two semesters of 
college chemistry. Similar kits are used by the quant- 
itative group. The merits of the kit system for supply- 
ing chemicals will not be discussed at this time, other 
than to state that they are very convenient from the 
point of view of laboratory service. Of course there are 
still the usual side shelf and desk reagents to be handled. 
A full-time laboratory preparation man provides this 
service and performs certain other related duties. 

Servicing the graduate laboratories is a different prop- 
osition. Permanently stocked desks and_ breakage 
tickets are not used. When a graduate student has 
been assigned working space he opens an account at the 
nearest storeroom. He draws from the storeroom the 
laboratory supplies and ordinary chemicals he needs. 
This represents the second type of purchases. The 
student signs for his purchases at the storeroom on two 
five- by eight-inch cards. One card is used for return- 
able items such as iron and glassware; the second card 
is used for expendable items such as rubber or glass 
tubing and chemicals. At the end of each semester the 
graduate student checks out of, and back into, the 
laboratory. Normally this is a rather informal process. 
Using his returnable item card as the basis, the student 
indicates the equipment he still needs by listing these 
items on a new card. Materials no longer needed are 
cleaned and returned to the storeroom. Equipment 
which has been lost or broken is listed on the expendable 
item card which is priced and sent to the office of the 
Director of the Chemical Laboratories. 
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There is only informal control over the purchases of 
the graduate students. The retail store clerks are ex- 
perienced men and are quick to recognize unusual with- 
drawals of chemicals or materials. Such cases are 
called to the attention of the Director of the Chemical 
Laboratories for it is not the prerogative of the stock 
clerk to officially question the needs of a research 
worker. If it is felt that the withdrawals are excessive, 
the senior staff member in charge of the research is con- 
sulted and then either the stock clerk is notified that the 
withdrawals are in order, or the graduate student is re- 
quested by the senior staff to account for the excessive 
withdrawals. Unusual chemicals are ordered on re- 
quest of the research director with the approval of the 
Head of the Department. More complicated and 
specially designed glass apparatus may be obtained from 
the department glass blower upon request of the director 
of the student’s research. Such glass blowing orders 
pass through the office of the Director of the Chemical 
Laboratories. 

The present method of handling capital equipment 
items is not entirely satisfactory. However, a class- 
ification system has been devised that will at least 
partially solve many of the problems. Four categories 
will be used. First there is the equipment which is an 
integral part of a laboratory and can be used only by 
members of that laboratory group. A helium com- 
pressor in the cryogenic laboratory would be an ex- 
ample. In the second category are those pieces of 
equipment which are assigned to a laboratory and which 
can be used in that location by other workers with the 
consent of the senior staff member in charge of that 
particular laboratory. A constant temperature bath 
or a spectrophotometer would be in this class. The 
third category will include equipment that could be 
borrowed and used in a different location with the con- 
sent of the staff member responsible for the apparatus. 
Some of the equipment used in the undergraduate 
physical chemistry laboratories would be in this class. 
The fourth category will include the more common 
equipment items that can be used on short term loans. 
Vacuum pumps and pH meters would be in this class. 
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This equipment will be handled from a special research 
storeroom. At present, this fourth category is part of 
the previous one, because there was no available space 
to operate such a storeroom. This has resulted in in- 
efficient use of some of this equipment, partly from lack 
of proper control and partly from lack of knowledge of 
what is available. 

Storeroom accounts of staff members doing individ- 
ual research work are handled in approximately the 
same manner as that described for the graduate 
student. 

The storerooms frequently serve other departments 
in the college. This represents the third type of pur- 
chase, and such purchases are made with regular college 
requisitions, issued by the college purchasing agent. 

A reciprocal loan service with some of the other de- 
partments also is operated. This is an emergency serv- 
ice used when the amount of materials on hand is too 
small to permit permanent withdrawal by another de- 
partment. The items are released on a loan slip with 
the understanding that they will be replaced as soon as 
possible by the borrowing department. 


CONCLUSION 


One of the most important factors in successful 
operation is proper bookkeeping. Records must be 
accurate and up to date, otherwise service will die from 
insufficient stock or will bog down in excess dead stock. 
On the other hand, it is possible to record-keep a reserve 
stockroom right out of business. In the Department of 
Chemistry at The Pennsylvania State College, efforts 
have been made to reduce the paper work to a mini- 
mum. No undergraduate accounts are kept. A per- 
petual inventory of the reserve stock is maintained. 
Although practically every item in stock is eventually 
charged against an individual or a course, once an item 
is removed from the reserve stock, the item is no longer 
an inventory item. The retail storerooms are not 
charged formally with these items, nor are they required 
to account for them. No cash transactions are used, 
and therefore no cash accounts must be kept. Over-all 
the system described is simple, efficient, and economical. 
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speak for themselves. The necessary lack of publicity in laboratories were more articulate in peace time. = 
on scientific research and progress during war is nega- The poor English of both chemists and engineers has thos 
tive, but just talking about this lack is still publicity. long been the subject of criticism. Those outside the r 
Come peace again, the scientists all retire into their professions both condemn and ridicule the scientific vane 
holes and ivory towers and the fog of mystery again “gobbledygook” that pervades many publications on | ®Y° 
engulfs them. If the public is to be encouraged to give science. The deficiency is admittedly due to lack of | "® 
both financial and moral support to scientific research, balance in the educational preparation for these pro- diffe 
surely this can come only through better public under- fessions. Training both for chemistry and for various edit 
standing of what scientists in general—and for us, branches of engineering has been confined almost ex- tech 
chemists in particular—are doing to merit it. clusively to subject matter, the idea being, evidently, he i 

A search of the literature has revealed pitifully little that if a man really knows what he has been doing and | * _ 
on technical editorial work. Forty years of Chemical has a strong enough urge to tell others about it, he will > 


Abstracts showed only two references (9, 13), both traced be competent to do so. The mere desire to write does 
to the “Symposium on Nonlaboratory Jobs for Chem- not induce any spontaneous generation of skill, and the — OPP 
ists’ on the program of the Division of Chemical results would often be laughable if they were not so \ 
Education at Cleveland in 1944. In the voluminous pathetic, simply because so many_ professional and 
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journalism” was specifically mentioned in the titles of language correctly and effectively. Through the efforts } agit 
one article (15) and one book (/); considerable useful of the A. S. E. E. (/6, 20) the engineers have been oem 
information can be found in an occasional chapter or actively doing something about this. As long, however, F 
section throughout other books and articles on journal- as nothing is done officially to ensure adequate, uniform } jog 
ism (5, 7, 11, 14, 24). As there is necessarily much _ training in good English for chemists—preferably on the | jot 
overlapping of the subjects of technical literature and undergraduate level—there will always be a need for = 
technical writing in general, several of the well-known _ skilled technical editors. pra 
textbooks give varying amounts of information on ciat 
editing. On the whole, however, it seems clear that FUNCTION OF THE EDITOR rest 
whatever most technical editors have learned they have According to some definitions submitted by a class of | the 
had to assemble for themselves, picking it up by a kind _ boys, labs 
of apprentionnip — by analogy—both oes the ~~ ‘“ An editor makes his living out of the English language. §00 
and for the Don’t’s—to practices in general journalism, An editor is someone who does not do anything himself, and wor 
if they know how to recognize it and adapt it (5, 6,7, when somebody else does, he goes and tells other people about staf 
10, 23, 26). it. v 
The first college sagen scientific perenne and Webster’s dictionary defines an editor as rem 
editing was introduced at the School of Commerce of : ont 
New York University in 1945, in cooperation with the Someone who prepares copy for publication. dire 
National Science Writers Association, and is still being This kind of preparation is usually understood to mean | org 
offered (1953). Other courses of similar content will marking copy with indications for size and style of type, tra 
undoubtedly be offered elsewhere as the demand for spacing, and other directions for the printer. Strictly | scie 
them rises. ae interpreted, the duties of an editor comprise the | ~| 
There has been an entondnsesond-sanegr ean ot criticism of correcting of errors and general improvement in the | tim 
the lack of adequate expression for chemistry—both on §=—— eatin -——— - —— ——- i «. 
what the chemists are doing and on the means of ® Public means here anyone and everyone outside of the side 
me = —_______———__ laboratories proper—directors and management of companies, penis 

1 Presented at the 112th Meeting of the American Chemical investment brokers, and others—because so many of these are hyt 
Society, New York, September, 1947. nontechnical men. agi 
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appearance of a book or article, but not rewriting; in 
other words, the function of an editor is critical, not 
creative. However, until all offerings submitted to 
editors are vastly better than they are now—until, in 
fact, they are so well organized and composed that only 
mechanical details must be supplied—many editors will 
have to do a certain amount of rewriting for effective 
presentation of material. 

A “technical editor’ is usually understood to be a 
person charged with preparing for publication any 
material that deals with science and technology.* 

Many so-called technical editors criticize copy only 
for content. If the information is correct they are in- 
different to the manner in which it is expressed. ‘Our 
readers will understand”’ is no reason for passing slovenly 
writing; it is, in fact, an insult to the intelligence of 
those readers. 

Technical editing calls for a combination of abilities, 
based on knowledge of both the technical aspects of the 
given subject and the mechanics of correct writing—not 
necessarily on a flair for writing for its own sake. The 
difference between technical writing and_ technical 
editing can be well explained in this way: In good 
technical writing all details should be so clear that, as if 
he were looking through non-reflecting glass, the reader 
is not conscious of the medium; the technical editor, 
then, is the artisan that helps to make the medium of 
expression invisible. 


OPPORTUNITIES 


An eager applicant for information and advice once 
remarked, a bit ruefully, ‘“But there are only ten or a 
dozen scientific and professional magazines, and their 
editors are set for life! What chance does a fellow 
have?” 

Fortunately for everybody, the vocational opportuni- 
ties for a technical editor with chemical background are 
not limited to the position of editor-in-chief of the 
relatively few scientific and professional papers. A 
practicing technical editor may be a co-editor or asso- 
ciate editor on the staff of any periodical—the person 
responsible for the correctness of the information that 
the paper is to publish on science and technology. In 
laboratories, the editor is usually responsible for the 
good form and effective presentation of the reports on 
work that is in progress and other publications of the 
staff. 

Whether or not they are so designated, Kirkpatrick 
reminds us, technical editors may and should be found 
on the staff of news services, newspapers, and magazines 
directed toward various industries and trades; on house 
organs of companies in those same industries and 
trades; with publishers and printers of technical and 
scientific books (very badly needed!); advertising 
_* Unpublished free-lance definitions overheard from time to 
time have characterized a technical editor in choice four- (or 
five-) letter words, such as “stab in the back,” “thorn in the 
side,” “pain in the neck.’ Long intimate study of the animal 
seems to reveal an odd biological specimen—an anthropoid 
hybrid with strains of bull-dog, ferret, and goat, with the neck of 
4 giraffe, and the hide of an elephant. 
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agencies, public relations bureaus, testing bureaus, 
consumer service bureaus, several branches of govern- 
ment service; and in consulting work as critic, coach, 
and ghost writer (9). 

In laboratories particularly, where proper expression 
is so important, the type of work implied in the occupa- 
tion of technical editor should not be left to an over- 
worked director, project leader, or section leader; to a 
librarian simply because he or she knows something 
about books, searching, and abstracting; or to just 
anyone that can give some time to it. It should not be 
assigned to anyone that has not made a study of the 
obligations of such a position. 

Writing about chemistry, either creative writing by 
the individual or editing the writing of others, should 
appeal to those that are euphemistically called ‘‘ma- 
ture’’ (by present criterion, seemingly, anyone over 35), 
and employers with such positions to offer should 
welcome older applicants. Years of experience, besides 
furnishing the diversified background in laboratory or 
industry, and a broader knowledge of a given branch of 
science and technology, should also have engendered in 
the individual the greater sense of moral responsibility 
and the tolerance and judgment required. 


PROFESSIONAL BACKGROUND 


In addition to the general and special knowledge of 
his field of operation, any would-be technical editor 
should have a good understanding of news values, and of 
business psychology. The following points are of most 
importance to us here: 


Science 


The scientific background of the technical editor 
should be as broad as possible. Even in a position that 
seems to be narrowly confined to one branch of science 
or industry, the editor should have a fair acquaintance 
with other branches of science and other industries and 
trades that border on his own. This is especially 
necessary in the matter of reference literature, in order 
to supply the kind of information that one may not have 
but which one can find. Familiarity with all the stand- 
ard works of reference in chemistry and a wide variety 
of professional and trade publications is essential. 


Language 


In the trained technical editor good English should be 
taken for granted. If it is essential that certain 
common errors be caught and corrected in non-technical 
journalism, how much more important these same 
errors (and many more) are in writings about science! 
The technical editor should be skilled in all forms of 
composition: narration, for correct historical sequence ; 
description, for proper balance in details; exposition, 
for clear explanation of ideas and procedures; and 
argumentation, for the making of good outlines and 
briefs. 

As to style, language can be considered of four types: 
literary, commercial, colloquial, and slang. General 
journalism tends more toward the English of business. 
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with leanings toward the literary, and technical jour- 
nalism should do the same. This is logical because if 
scientific English is—or should be—the most exact form 
anyone can use, then business English, by the very 
nature of the demands made upon it, should be next. 
Colloquial language, especially the jargon of the trades, 
and slang, should be avoided. 

Even more than other editors, a technical editor must 
be concerned with what an author is trying to say as 
well as how he is trying to say it. Despite what so- 
called “‘progressive education’’ has done to the study of 
grammar and spelling, those that intend—or are other- 
wise compelled—to do any technical writing simply 
have to know the good old rules of grammar, the rela- 
tionship of parts of speech in a sentence, the shades of 
difference in the meanings of synonyms, and other fine 
points which often make all the difference between 
cryptic technical jargon and lucid scientific exposition. 


Mechanics 


(1) Technical Editor’s Tools. Among the useful tools 
of his craft, every technical editor should have at hand 
at least one of the comprehensive guides to the literature 
of chemistry: those of Crane and Patterson (4), Mellon 
(12), and Soule (17). To refer you to these guides saves 
the repetition of long annotated lists of publications. 

Some favorite books always within my reach are: 


Webster’s Collegiate Dictionary 

Chieago Manual of Style (11) 
Horcukiss AND Drew: Business English 
EiwesHerm: Editor at Work (6) 
Rickarp: Technical Writing (16) 
PERRIN: Writer’s Guide (14) 

Merck’s Index 

World Almanac 


Other books frequently consulted, which might well 
be accessible and useful, are: 


A good encyclopedia (Brit. XIII suggested) 

A good handbook on secretarial practice (HuTcHINsOoN, 
McGraw-Hill, suggested) 

Encyclopedia of Chemical Technology 

FisHBEIN: Medical Writing 

Fow.er: Modern English Usage 

Muret-Sanders Dictionary (for German) 

Nuovissimo Melzi (for Italian) 

Pequefio Larousse Illustrado (for Spanish) 

Petit Larousse Illustré (for French) 

CaLLAHAM or Perry (for Russian) 

Thomas’ Register of Trademarked Products 

U.S. Government Manual 

U.S. Pharmacopeia 

Webster’s Unabridged Dictionary 


For certain trades and industries, 
Moobpy (or Poor) on Public Utilities, Railroads, Industries 


For checking names, titles, and qualifications of indi- 
viduals, 


American Men of Science 

Who’s Who in America 

Who’s Who in Commerce and Industry or Chemical Who’s 
Who 
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(2) Condensing of Copy. The first task on any piece 


of copy is to give it a routine reading and decide whether 
(usually, rather, how much) it should be condensed, |} 
is extremely rare for any editor to have to ask any 
author to “unboil his stuff’’; as a rule he must condense 


whatever is submitted. This operation is valuable in § 


any publication, but in contributions for contemporary 
scientific periodicals, because space in them is at q 
premium, it is absolutely essential. 

Even after an unusual author has tried to condense 
his own composition, the editor may be able to prune it 
still further. Three methods are recognized (7): 

Trimming, which means a general tightening of the 
copy effected by eliminating all superfluous words with- 
out sacrifice of information (method of Reader’s Digest). 

Cutting, which eliminates all but the most important 
facts. 

Boiling, which shortens all sentences and sacrifices 
minor facts. In this technique one well-chosen ad- 
jective may be substituted for a rambling clause. 

In any method of condensing copy the editor must 
guard against any change in the sense of the article, 
even any change in emphasis or impression. As far as 
possible all copy should be condensed in the original 
manuscript; although it is often necessary to make 
further cuts on proofs, for the sake of pulling up a short 
line (“killing the widow’’). 

(3) Typography. Some knowledge of typography 
should be required of all technical editors, whether their 
publications are to appear in print or in typewriting. 
Many editors just stumble along with what they may 
have managed to pick up from a few style books and the 
patter of the printers, but real study of the subject is 
both merited and highly rewarding. For proper 
appreciation of good typography one must have keen 
visual imagination, so as to be able to see just how a 
piece of copy willlook in print. Courses in typography, 
as well as in editing and proofreading, are available in 
schools of journalism, in many trade schools, through 
printers’ associations, and from consulting typog- 
raphers. A knowledge of type faces and what to do 
with them will always be useful. 

(4) Style. Once he understands something about 
typography, for whatever phase of technical editorial 
work in which he is engaged, the editor must set his 
style for the form of his publications and keep to it. 
Staff, printers, proofreaders, typists, and authors should 
conform to whatever rules are established for spelling, 
punctuation, capitalization, numerals, hyphenation, 
and anything else that may be demanded by the 
particular needs of the specific publication. 

Editors will be spared many hours of work when all 
authors of papers or reports will take the trouble to 
study the requirements of publications and plan their 
writing accordingly. This is especially necessary in the 
form adopted for citations, bibliographies, and illustra- 
tions. Several publications of the A. C. S. and many 
publishers of technical books and periodicals (18, 24) 
issue their regulations in printed form. A little study 
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will show any well-meaning person the form used by 
others. In laboratories it is not too much trouble to 
prepare a mimeographed bulletin, giving basic require- 
ments for reports and other written material ; and some- 
one should be authorized to make authors follow them. 

(5) Illustrations. Even in establishments where 
illustrations may be handled by an art editor, they 
reach the editor eventually for decisions about captions, 
legends, and display. Where the editor has full 
responsibility for all phases of production, he must 
understand the choice of effective detail for proper dis- 
play; enlarging or reducing the size of an illustration, 
fitting captions or legends to space, and other details 
which make the difference between a sloppy job and a 
professional-looking one. 

(6) Layout. Artistic layout of copy is also important, 
for most economical use of space. The plan of a 
“dummy” for paging; correct balance of articles, 
illustrations, and advertising, if any; the breaks in the 
text—all these points are the responsibility of an editor, 
not to be trusted to a compositor who would just chop 
up long blocks of type and “arrange the stuff somehow.” 
Too many publications show neglect of this kind. 

(7) Index and Bibliography. The correct indexing of 
long reports, books, and other publications is another 
skill in art-and-science which may become the re- 
sponsibility of a technical editor (22). It is far better 
for the author to make his own index, especially for a 
scientific or technical book, rather than to hand the 
book over to a professional indexer who is paid a price 
for each entry. In the latter arrangement, quality is 
often sacrificed to quantity. 

In all citations, bibliographies, and lists of references, 
the technical editor must make allowances in typo- 
graphical style according to whether the final publica- 
tion is to be printed or typewritten. Double and single 
underlining, which indicate different faces of type to a 
printer, means double work for a typist. For type- 
written reports and other publications the designation 
of volume and pages can follow uniformly the form used 
by many for references in Chemical Abstracts, e. q., 
30: 694-713 (1946). 

In references, the editor must check everything. 
Many errors have been kept out of bibliographies 
because an editor knew a certain volume could not 
possibly have been so numbered for a certain year; or 
recognized that the name of a periodical was wrong. 

(8) Proofreading and Reading Proof. It should seem 
safe to assume that all good printers have reliable proof- 
readers for the mechanical checking of proofs against 
copy, but absolutely nothing can be taken for granted. 
Proofreading requires training; it should not be 
delegated to just any pair of girls or boys around an 
office who happen to have some time on their hands. 
It seems though, as if this is one sure place where one 
can find the truth of Alexander Pope’s comment in his 
“Essay on Criticism’’: 

Whoever thinks a faultless piece to see 
Thinks what ne’er was, nor is, nor e’er shall be. 
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Despite checking by readers many errors can still 
slip through and these may or may not be caught by the 
editor or the author when he reads the proofs. It must 
be emphasized that proofreading is a mechanical 
process, which critically checks the medium; reading 
proof is a mental process which checks the copy for 
sense. The editor is responsible for the last look, and 
still one more look, both from printer and from typist, 
and must be a veritable Argus.‘ 


PUBLIC RELATIONS 


Editors can help both future contributors and them- 
selves if they will insist on copy that is clear, correct, 
and carefully prepared (123, 24). Every editor of a 
trade and technical publication, whether or not it pays 
for contributions, could well prepare at least a single 
sheet of instructions to prospective contributors. By 
making clear the field of interest, and all requirements 
as to form, style and illustrations, such instructions 
would undoubtedly prevent the rejecting of many 
manuscripts (or return for major changes), and thus 
save considerable disappointment and trouble for both 
sides. 

Editors can also bring pressure to bear on the admin- 
istration of technical schools and colleges to give more 
instruction in English, with the view to eliminate 
present errors and gradually improve expression for the 
technical professions (13, 20, 21, 24). It should 
certainly be easier for a trained chemist to master the 
principles of good technical writing—as he would any 
other tool of precision—than it is for even the best of 
trained writers to acquire a background of science. 
If professional and technical men would only not have 
the idea that there is something “‘sissified’’ about good 
speaking and writing, more of them might be willing to 
study and perfect themselves. For anyone, this can 
become a beneficial hobby. The more one learns, the 
more fun it is (though sometimes with chagrin) to re- 
view critically one’s own earlier efforts with the inten- 
tion of editing and improving them. 


ETHICS 


Interesting—fascinating—as this kind of work can be, 
“fixing up” the writings of others is one of the most 
thankless of al jobs. One needs much tolerance and 
patience and understanding to maintain equanimity on 
many occasions that arise in the daily life of a technical 
editor. All “editees’’ are at the mercy of any editor, 
but every editor is under certain obligations to those 
whose work he handles, regardless of his private opinion 
of it (2). Some cardinal points are: 

(1) Never mention the condition of any author’s 
work, nor the amount of correcting or revising it re- 
quired. 





4 Last spring I was nicely caught in a slip of this kind, and 
nearly laughed outright when, while actually reading my paper 
on Ostwald, I saw that a pencilled interpolation about “Chilean 
nitrates,” on a page of otherwise perfect typing, had been copied 
as “chicken entreats.” 
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(2) Never make changes in copy, or ask an author to 
make changes, which the author does not think to be 
right. 

(3) Never make changes in content without consult- 
ing the author, or publish changes which have not been 
referred to the author. 

A technical editor is especially obligated to work 
closely with his authors or some terrible ‘“‘boners’’ may 


result, both in expression and—more  serious—in 
content. To plead extenuating circumstances, such as 


having to meet a deadline, may seem to be a sufficient 
reason for such a breach of professional courtesy, but it 
is never a valid excuse. 


WOMEN AS EDITORS 


Technical editorial work should offer an interesting 
and satisfying occupation for women trained in chem- 
istry who have also the required supplementary knowl- 
edge of English composition and the mechanics of 
editing. Time was, at A. C. S. meetings, when any 
chemist in skirts was assumed to be a teacher; later 
they were assumed to be literature searchers or li- 
brarians. These three occupations do absorb a fair 
proportion of technically trained women, but they can- 
not take them all. 

There are already many women trained in chemistry 
who are now serving efficiently in positions of varying 
responsibility on the editorial staffs of professional 
journals and trade papers (8). Many more such posi- 
tions should be found for qualified women, seriously 
interested in the practice of chemistry, who have been 
squeezed out of the different kinds of chemical and 
technical work they were doing during the war (3, 19). 


CONCLUSION 


Despite all the diversity of opinion, then, it would 
seem that all departments of chemistry could well offer 
courses in chemical literature and technical writing. 
Although all students in science and technology could 
profit by them, women should be encouraged—nay, 
urged or obliged—to take them, as the entering wedge 
into interesting and secure non-laboratory positions. 
Any chemist who may be asked to talk on chemistry as 
a profession and on the vocational opportunities in this 
field should always emphasize the broad possibilities of 
writing as an essential branch of technical service. If 
it did nothing else, this would at least help to dispel the 
fog of glamour and romance that surrounds research and 
discovery as the only ends and outcomes in chemical 
work. 

All these thoughts on technical writing and editorial 
work bring to mind an earnest talk by the late Dr. 
Glenn Frank, President of the University of Wisconsin. 
Addressing a meeting of the Authors League of America, 
he said: 

In times of business depression, writers are too often inclined 
to develop an inferiority complex, from the thought that at 
such times deeds count for far more than words. This I believe 
to be a mistake because in times of stress, doubt, and indecision, 
words—powerful words—are needed more than ever, to mould 
public opinion and to guide wavering minds into the channels of 
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belief in new ideals. These are the times when those tha 
understand the mysteries of science and technology shoulj 
explain them to others, so that they will be properly appreciated, 
There is a dire need for good lucid writing on these subjects 
that those with funds will be induced and encouraged to invest 
them in essential research. 


That was many years ago, early in the inter-bellum 
depression, but the present situation is equally critical 
in another way. More recently (1947), an editorial jn 
the New York Herald Tribune, in commenting on a fine 
exhibition of scientific processes and devices, had this to 
say: 


Only one thing was missing from the display—some way to 
help the people to understand these scientific novelties. It js 
impossible to stop inventing things until everyone catches up, 
so what is needed is some super-inventor to invent a way of 
speeding up everyone’s understanding of science, of invention 
and of what they mean. 


The urgent need for intelligent understanding of 
science can be met only by intelligible writing about 
science, aimed at all levels of perception. Both in these 
days and in the future, when there may be questions as 
to the actual value of chemical research, anyone that 
can thus bridge the gap between the laboratories and the 
outer world—whether he or she does original writing or 
edits the effusions of others—that person should be con- 
sidered a true missionary for science. 
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Take-off Adapter 


Tur take-off condenser described by Fieser,' a distinct 
aid in carrying out crystallizations, is rather unwieldy 
to store when not in use. The adapter shown in the 





1 Freser, L. F., “Experiments in Organic Chemistry,” D. C. 
Heath and Co., New York, 1941, p. 323. 


diagram overcomes this objection and can be used with 
any of the standard-taper condensers commonly avail- 
able in the organic chemical laboratory. For most 
efficient results, the entire reflux assembly is best tilted 
slightly in the direction of the adapter sidearm. 








* THE CHEMICAL LIBRARIAN IN INDUSTRY’ 


Tere is a growing demand for scientifically trained 
librarians to fill positions in the special libraries of 
scientific industries. A “special library’’ has beei: de- 
fined as “...a collection maintained by an individual, 
corporation, association, governmental agency, or any 
other organized group, devoted to a special subject and/ 
or stressing specialized service to a special clientele. 
Special subject departments of universities and public 
libraries and of the Library of Congress shall be con- 
sidered as falling in this category” (1). The remarks to 
follow concern library service to the clientele of a chem- 
ical manufacturing company, and client refers to any- 
one who uses the library, regardless of whether the 
question comes from within or without. Training is 
used synonymously with education. While librarians 
have been referred to elsewhere in a number of ways, 
from clerk to information officer, and from storekeeper 
to “that person with a multi-dimensional brain,” the 
librarian referred to herein is the administrative head 
responsible for the type of service described. 

A chemical company does not need to be large in order 
to establish a library, nor do chemistry libraries need to 
be large in order to give good service. These libraries 
may fall into any number of organizational patterns. 
Some are quite limited in scope. They may serve only 
the scientific research group; they may be attached to 
the patent, market research, or other divisions of or- 
ganizations; or they may be integrated as units in com- 
pany departmentalized library service. A survey of 
science-technology libraries was made four years ago as 
a basis for ‘“‘Technical Libraries: Their Organization and 
Management,’”’ a manual of the Special Libraries 
Association (2). Of the 311 questionnaires returned, 
237 libraries were reported as serving the entire com- 
pany while 74, or less than 25 per cent, served only one 
department (3). 

For the purpose of this discussion, the chemistry 
library is defined as one organized to supply information 
on a plant-wide basis. This means a multiple function 
service—to management, industrial relations, market- 
ing, purchasing, accounting, production, research, 
public relations, engineering, and plant maintenance. 
If, for a demonstration, the safety department asks 
where it can rent colored slides of a skeleton, the 
librarian looks for the address. If the head of terri- 
torial operations asks for trade-in values of automobiles 
in Hawaii, he receives the answer even if it is not 
found in print. If the office boy requests catalogues of 
schools offering good courses in chemical engineering, 





1 Presented before the Division of Chemical Literature at the 
119th Meeting of the American Chemical Society, Boston, Mass., 
April, 1951. 
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they are given to him even though it is probable he will 
be in the army within six months. Although a majority 
of questions referred to the library are concerned with 
chemistry, pure and applied, there are many that do not 
have even a chemical slant. Despite the fact that sub- 
ject concentration bearing on the business it serves is 
both necessary and desirable, there can be few subject 
limitations in a library of this type. 

Plant-wide service includes every one from the guard 
at the gates to chairman of the board. To illustrate 
further, basketball means much to the Hoosier, so once 
when the Tigers, team of the local Negro high school, 
reached the semifinals, a porter came to the library dur- 
ing his lunch hour to ask where he might find a large 
colored picture of a tiger. Luckily for him there was 
such a picture, clipped from Fortune, in the file main- 
tained for the advertising department. In three 
minutes he departed with the picture to put on his tire 
cover, his contribution to the pregame parade. Al- 
though expendable, the tiger came back all in one piece, 
plus two coats of floor wax in case of rain. And in this 
day of developing the best in community relations, as 
well as in employee relations, such occasional service can 
be justified as that to the local bank official who 
needed biographical material on half a dozen scientists 
under consideration for president of the university 
whose board of trustees he heads. 

It is the prerogative of management to decide what 
type of library service it needs and is willing to support. 
Provided it wants comprehensive and efficient service 
for the entire organization, its first step is to find and to 
employ the person who can build such a service. 
Added to personal qualifications, of which there are 
many (such as innate ability, alertness, imagination, 
adaptability, initiative, resourcefulness, and a genuine 
interest in people), the librarian most likely to develop 
the service to its maximum point of usefulness in a min- 
imum amount of time will possess a broad education and 
and a varied life experience. There is, of course, no 
guarantee that a person who presents these, in addition 
to the specific abilities outlined further on, will be a 
successful chemistry librarian. Nor does it mean that 
this preparation entitles one to a feeling of smugness and 
self satisfaction; the learning process goes on, for new 
situations call for new skills. It does mean, however, 
that the person who has this combined competence 
commands a decided advantage over the person with- 
out it. 

Familiarity with business information sources is 
essential in supplying facts to the many facets of 4 
manufacturing corporation. In addition to its rec- 
ognized need in reference work, sooner or later facility 
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in reading foreign languages will be useful in handling 
scientific and statistical publications of other countries. 
In mentioning these educational qualifications one at 
the same time remembers that the majority of libraries 
in the chemical industry did not develop until the period 
of World War I, many of them having their origin in 
space set aside in the general office, with a stenographer 
devoting part time to the work (4). Library develop- 
ment has progressed indeed, but not more than chem- 
istry itself; the story was told a few years ago of how a 
first university course in chemistry was taught by an 
elderly theologian for no better reason than the fact 
that so few students enrolled for theology (4). 

In order to attain efficient service expeditiously, the 
library administrator needs proficiency in both library 
science and chemistry. The more he possesses of each, 
the more effective he can be in his work. If he lacks a 
knowledge of both, he has a handicap which he rarely 
can overcome unless he does something about it. To be 
sure, there are persons who have the capacity to grow on 
the job, regardless of educational limitations. In fact, 
there are able librarians who lack formal training of any 
kind. In comparing professional preparation both 
qualitatively and quantitatively, one usually thinks 
first of law and of medicine. But for the sake of variety 
as well as of pertinence, let us hear what J. Edgar 
Hoover believes: ‘‘Folks have said I over-emphasize the 
need for educational attainments. They say a man can 
be a good detective without an education. Granted 
that this is true, I say a man can be a much better 
detective if he has a working knowledge of evidence, of 
court procedure, [and] of the law itself” (6). 

If the librarian lacks knowledge of library science or 
chemistry he has a deficiency he may be loath to admit, 
or perhaps limitations he fails to recognize. It is only 
when he in some way or another compensates for this 
gap in training that he is able to develop the best in 
company-wide library service. While it is essential to 
recognize that all positions do not require all qualifica- 
tions, there is no need to stress here the importance of 
chemistry as prerequisite to some types of positions in 
chemical libraries—not only chemistry in all its ram- 
ifications but also working knowledge of allied subject 
fields such as physics and biology. It is just as un- 
reasonable for those who have no special subject knowl- 
edge to advocate acquiring all of it ‘‘on the job”’ as it is 
for the subject specialist to believe he can learn how to 
run the library in one easy lesson. In reading innumer- 
able articles, controversial and otherwise, it is apparent 
that such attitudes exist. 

There is general agreement that it is the function of 
the librarian to direct the acquisition of all printed and 
near-print materials likely to be of use to an organiza- 
tion (and sometimes information which is not even in 
print), to supervise the processes necessary in making 
these materials available, and finally to aid in their dis- 
tribution and use. Endeavour thus editorialized: ““To 
track down information speedily and successfully re- 
quires both a general knowledge of the bibliography of 
science and a knowledge of modern library practice—in 
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particular, knowledge of the use of card indexes pre- 
pared according to conventional systems of classifica- 
tion” (7). Indeed, classification is no plaything for the 
novice. Interlibrary loans often present enigmas; 
their procedures require strict adherence to a pro- 
fessional code. And in the duel of subject headings 
that often occurs between those who assign them and 
those who use them, a command of techniques as well as 
of subject is needed to meet the criticism voiced by one 
who complained of the library cataloguer: ‘It’s see, and 
see also, and finally see me!” (8). 

Company-wide library service involves much more, 
however, than acquisition of materials, their organiza- 
tion for use, and aid to the clientele in getting particular 
facts when they need them. There are plant services 
for which a real need may exist, such as assistance in 
choosing books for discussion groups, supervision of 
branch stations maintained on company premises by 
the local public library, aid in organizing small depart- 
mental collections such as cuts and negatives for the 
printing department, preservation of company archival 
material, indexing of company publications, mainte- 
nance of both business and scientific periodical abstract- 
ing, and answering innumerable questions from indi- 
viduals that require wide knowledge of general reference 
sources. In this category even hobbies are helpful and 
Latin is sometimes of greater aid than is chemistry. It 
is not the purpose here to be anecdotal by giving further 
examples of service; this has been done in a paper based 
on what actually goes on in a number of our largest 
technical libraries (9). 

To go back to methods of compensating for lack of 
special qualifications, some librarians possessing only 
subject knowledge have found it expedient to ask for a 
leave of absence in order to acquire professional library 
training. Other librarians with little knowledge of 
chemistry have, over a period of time, taken additional 
academic work—a course of action conceded to be 
difficult but, nevertheless, a form of compensation. In 
libraries assigned complex duties requiring more than 
one man, literature chemists and language specialists 
are often employed; all work as a team. Manage- 
ment sometimes takes the problem in hand and solves it 
by attaching literature chemists to various research 
divisions rather than to the library staff; by establish- 
ing departmentalized library service under one ad- 
ministrative head; or by setting up separate business 
and scientific libraries. In the former, a knowledge of 
chemistry may not be considered a necessity though 
certainly it is an asset. 

How to prepare one’s self adequately for the admin- 
istration of the type of library service stressed in this 
discussion, yet keep preparation within limits of what is 
economically feasible, poses a problem for the individ- 
ual. First of all, he should keep in mind that, with 
possession of this desirable combination of qualifica- 
tions, there is usually opportunity for advancement 
within an organization. When encouraged by manage- 
ment, libraries usually grow in proportion to the service 
developed. When this situation does not obtain, there 
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are opportunities in scores of well-established chemical 
libraries throughout the country, and in potential ones 
that will originate during our war economy. A recent 
survey, involving 25,000 librarians, indicates clearly 
that average annual salaries for positions in the field of 
physical sciences are at the top of the list of library 
specialties (10). Further encouragement is given by 
Working Party III/D of the Royal Society Scientific 
Information Conference which reached the conclusion 
that “special librarians with similar academic qualifica- 
tions and with qualifications in librarianship should also 
have status and salaries comparable with those of their 
scientific colleagues in research, administrative or in- 
dustrial posts” (/1). 

Prior to the. beginning of the last decade there were 
few articles in chemical and library literature stressing 
the need of specific training for those who chose a career 
in chemical libraries. The rapid growth of The Special 
Libraries Association’s Science-Technology Division 
and the development of the A.C.S.’ Chemical Literature 
Division provide the impetus and media to define train- 
ing needs. There is a growing demand to use the sub- 
ject approach to the education of librarians. Each 
year more universities offer a course in chemical litera- 
ture which a library student can take as an elective. 
Simmons has, for some time, offered a program, not just 
one course, in preparation for subject librarianship. 
Recent developments in the field of library education 
show promise of combining subject specialization with 
professional training in a five-year program leading to a 
master’s degree (12). One plan now attracting atten- 
tion is offered at Carnegie Library School: a science 
major is prerequisite to entrance. With bias toward 
chemistry, the courses in administration, documenta- 
tion, and bibliography are taught by specialists. There 
are more positions open for these graduates than there 
are librarians to fill them. 

While the path chemical librarians have followed to 
achieve their present degree of competence is relatively 
unimportant, it is true that those best qualified are 
firmly entrenched in their present positions, hence un- 
available to fill either new openings or normal replace- 
ment needs. Another decade may pass before there are 
persons being trained in sufficient number to fill the 
demand. To encourage young people to choose chemi- 
cal librarianship as a career, library administrators 
must present their requirements to library school 
directors and professors of chemistry in the hope they 
will help to discover beginning chemistry students who 
like to work with books, with people, and particularly 
with the broader applications of library work. Efforts 
should be continued to articulate what librarians are in 
terms of what they do. During experience as employ- 
ment chairman of a library association, both at the local 
and national level, it was observed that employers often 
do not know what they want and so look for librarians 
because librarians traditionally deal with printed 
material. What they really may want is a literature 
chemist; they may not be ready to establish a library 
and give it the support it deserves. 
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For example, in a recent copy of Chemical and Engi. 
neering News an advertisement appeared under 
“Library Work” for a chemist with a good knowledge 
of organic chemistry and German, with library ex. 
perience desirable but not required. Directly beneath 
it was another for a “‘Literature Searcher” with the com- 
bination of chemistry and languages (13). In the event 
a chemist qualified for both positions, application could 
be made for the latter with a far greater feeling of 
assurance. In the case of the former would the person, 
if chosen, administer the library? If so, where would he 
learn how? Is there a library already established or 
would he be expected to organize it? If a librarian is 
already in charge of the library, to whom would the 
chemist report? Far more revealing was an earlier 
advertisement in the same journal which stated that the 
opening for a literature searcher was not to be confused 
with that of librarian; a chemist or chemical engineer 
who uses the library as a research tool was sought (14). 
To be a successful librarian one must want to be a good 
librarian and study hard at it, rather than want to be 
something else and train for that. 

This discussion has not been concerned with report- 
ing and analyzing reference work of a strictly chemical 
nature that is performed in varying degrees in all of our 
chemical libraries. This has been done by Mellon in 
“Questions a chemist takes to the library” (14), by 
Dickison in “Let your librarian look it up”’ (16) and ina 
number of other articles. On the other hand, there has 
been an attempt to emphasize that the library giving 
plant-wide service must be staffed to handle not only 
the questions related to the subject field of company 
interest but also those in peripheral fields and even those 
in areas having nothing whatsoever to do with chem- 
istry. To do this the librarian needs high educational 
and personal qualifications. In the event he cannot 
offer all, he may seek complementary skills in other 
library staff members or he may attempt to compensate 
for his deficiency in some other way. Lack of educa- 
tional opportunities for positions of this type has been a 
handicap. This situation shows promise of correcting 
itself; for the pioneering efforts in this direction there 
should be increased recognition and support. 
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e SEPARATION OF RADIUM D, E, AND F BY PAPER CHROMATOGRAPHY 


Tur chemical separation of radium D, E, and F is 
comparatively simple and is a useful exercise for stu- 
dents in radiochemistry. But a simpler and more con- 
venient separation may be accomplished by paper chro- 
matography. The chromatographic procedure was 
adapted from the general method of Rutter’ as em- 
ployed by Rao and Beri? for common sugars. The chro- 
matograms are suitable for the preparation of radio- 
autographs, they may be sectioned and counted, or 
the sections may be eluted. 

A solution of radium D, E, and F was prepared by 
dissolving one spent radon seed (in a gold capsule, fur- 
nished by the radium Service Corporation of America, 
Chicago, Illinois) in 0.4 ml. of aqua regia. An amount 
of the yellow-colored solution sufficient to produce ap- 
proximately 5000 counts per minute was spotted on 
Whatman No. | filter paper (18 cm. in diameter) ap- 
proximately 15 mm. from a wick at the center of the 
paper. A similar spot was placed at another point in 
combination with small amounts of solutions of lead 
and bismuth nitrates. The paper was air-dried and 
was placed in the irrigating apparatus, which consisted 
of two Petri dishes (15 mm. in height by 50 mm. in 
diameter, and 22 mm. in height by 150 mm. in diame- 
ter) covered with a glass plate. The smaller dish was 
placed inside the larger and was half-filled with n- 
butanol saturated with aqueous N hydrochloric acid.* 
After approximately two hours, the paper was air- 
dried and was exposed for a few minutes to moist 
ammonia and then to moist hydrogen sulfide. Two 
brown spots appeared in the carrier-bearing chromato- 
gram, one (lead) near the starting point and the other 
(bismuth) midway between the starting point and the 
prominent yellow spot of gold. The carrier-free chro- 








‘Rutter, L., Analyst, 75, 37 (1950). 
? Rao, P.S., ano R. M. Bert, Proc. Indian Acad. Sci., 33, No. 
6, Sec. A, 368-72 (1951). 
3 LepERER, M., Nature, 162, 776 (1948). 
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matogram, as expected, produced no visible spots for 
lead and bismuth. The chromatograms were sectioned 
with a razor blade and the pieces of paper were counted 
under a thin-window G-M counter. The results are 
shown in the figure. Thus, radium D (Pb) remained 
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Activity of Radium D, E, and F Separated by Paper Chromatography 


near the starting point, radium E (Bi) moved approxi- 
mately halfway down the chromatogram, and the ra- 
dium F (Po) was located between the radium E and the 
gold. 

Larger scale chromatograms were readily obtained 
with strips of paper in the conventional type of appa- 
ratus. These chromatograms were quantitatively elu- 
ted with N hydrochloric acid by the technique of Dent.‘ 





4 Dent, C. E., Biochem. J., 41, 240 (1947). 
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Main Group of Buildings on UCLA Campus, Showing New Chemistry Building in Lower Right Corner 


Av rue outset of professional training in chemistry 
on the Los Angeles campus of the University of Cali- 
fornia a comprehensive set of requirements was listed, 
and this proved to be in rather close agreement with the 
standards more recently recommended by the A. C. 8S. 
committee. For the bachelor’s degree, four solid year- 
courses—general, quantitative, organic, and physical— 
are required, together with the usual physics, math- 
ematics through integral calculus, and three semester- 
courses in German. In addition, two semester-courses 
in advanced chemistry and a substantial minimum pro- 
gram in liberal arts are included. Most recently the 
requirement of a course in technical written English 
has been added, at advanced rather than elementary 
level. 

During the 1920’s UCLA emerged from junior- 


G. ROSS ROBERTSON 
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college status, and began to award bachelors’ degrees. 
By Regents’ ruling, graduate study was forbidden. 
During the 1930’s the master’s and doctor’s degrees 
were added, soon followed by postdoctoral fellowships. 
These changes rendered the original ‘permanent” 
chemistry building of 1929 obsolete. To make a long 
story of finance and planning short, a new building 
housing chemistry and geology, costing over $4,000,000 
was occupied in the summer of 1952. Special features 
of the UCLA chemistry department may thus be best 
explained on the basis of the new building design. 

The unusual requirement, laid down by the adminis- 
tration, that a building for the two entirely distinct 
departments of geology and chemistry be constructed, 
proved after all to be an advantage, not a hindrance. 
A generous layout of five lecture halls could be justified, 
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giving flexibility in class assignments. Advantage was 
taken of the temperate climate of west Los Angeles 
(almost never below 32° F.) to place all public entrances 
and exits of large lecture halls outdoors. There is 
accordingly no hourly traffic jam in laboratory build- 
ings, and architect Gordon B. Kaufmann was thus able 
to cut two feet off conventional corridor width in those 
buildings. The general design outlined in the figure 
shows the library-lecture-hall-shop-storeroom structure 
as a bridge between the otherwise entirely separate 
chemistry and geology sections. Dotted areas indicate 
provision for future construction somewhat in excess 
of present laboratories. 

“Net useful” area allotted to chemistry is shown in 
the following statistical summary. By “net useful’ is 
meant the net floor area of rooms used for department 
functions, exclusive of stairways, corridors, walls, etc. 
In this building the net yield is about 75 per cent of 
gross floor area often reported in building records. 
“Number of laboratory workers’ means the total 
number of such persons in all classes or laboratory pro- 
grams who appear at some time in the week when en- 
rollment is at full capacity. 


Number of Net useful 


laboratory area, 
Function workers sq. ft. 
Central department administration a 1,555 
Freshman laboratories and balance rooms 1,488 10,335 
Quantitative laboratories and_ service 

rooms 378 6,175 
Organic laboratories and service rooms 446 6,175 
Physical chemistry laboratories and serv- 

ice rooms 164 3,770 
Biochemistry laboratories and_ service 

rooms 90 2,600 
Instrumentation laboratories and service 

rooms 64 2,050 
Graduate students’ laboratories 104 16,300 
Postdoctoral laboratories 13 2,400 
Laboratory-office suites for 24 faculty 

members; space approx. '/; for office, 

2/; for laboratory 24 12,965 
Small offices for visiting scholars, adja- 

cent to the chemistry library roe 260 
Work spaces (approximate estimate) for 

additional graduate students and post- 

doctorate workers accommodated in 

faculty laboratories 25 
Miscellaneous special research labora- 

tories and instrument rooms (nuclear, 

X-ray, mass spectrometry, etc.) 5,990 
Library 3,740 
Classrooms, permanent, chemistry’s share 8,675 
Classrooms, temporary, future library 

space 1,350 
Shops: machine, electronics, glass, and 

students’ 3,400 
Storerooms, dispensing 5,370 
Storerooms, receiving and case storage 10,600 
Storerooms for dangerous chemicals, in- 

flammables 1,250 
Solutions preparation and storage 1,550 
Miscellaneous 2,340 

Total net useful area, chemistry 108 , 850 


UNDERGRADUATE CHEMISTRY 


The first year’s trial of the single-section laboratory 
plan, introduced many years ago by Lewis, Bray, and 
Hildebrand at Berkeley, has given great satisfaction. 
Ten rooms, each accommodating one instructor and 24 
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or 25 students, take care of all performances except the 
more formal lectures. to large groups in lecture halls. 
For example, a section of “Chemistry 1A” meets at 
1:00 p.m., Tuesday and Thursday. An undisturbed 
class discussion, problem session, or written examina- 
tion lasts until 1:30, 1:45, or 2:00 p.m., followed by 
laboratory work normally requiring attention of stu- 
dents until 4:00 p.m. The instructor remains one addi- 
tional hour, to 5:00 p.m., to aid slow performers, and 
no other laboratory time, particularly no unsupervised 
time, is allowed in the course. 
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General Plan of Chemistry and Geology Buildings at UCLA 


The six separate structures prevent excessive hazard during possible 
earthquake. Dotted areas indicate plans for future construction. 


Although this system of single section in a separate 
room is used in a few places in the far West, and more 
recently at Columbia University, it has not yet met 
favor in the Midwest, perhaps for economic reasons if 
nothing else. Southern California, however, has the 
advantage of a large junior-college system. This, to- 
gether with the requirement of A or B high-school 
record for admission to the state university at freshman 
level, relieves UCLA of a great deal of the mass-educa- 
tion problem in freshman and sophomore chemistry. 
In October, 1952, 45,275 students were enrolled in 
public junior colleges in Los Angeles County alone. 
As a result, the freshman class at UCLA was the small- 
est of the four college classes, with the senior 46 per cent 
greater than the freshman, and the graduate group 
topping all. To be sure, the enrollment of 565 in 
Chemistry 1A, in the fall of 1952, out of a gross student 
population on the Los Angeles campus of 13,397, prob- 
ably looks undersize to an Ohio or Illinois state univer- 
sity administrator. Some prophets even foresee shrink-~ 
age of the freshman chemistry enrollment until only a 
“pilot-plant” group is accommodated, but this, if at 
all likely, is something for the distant future. There 
is evidence which indicates that about six per cent of 
the high-school graduates of California will go directly 
to some campus of the University regardless of the 
establishment of junior colleges or other factors. 

Quantitative analysis, organic chemistry, and physi- 
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cal chemistry follow standard procedures as far as 
“table of contents” is concerned. A section of the 
department devoted to biochemistry operates distinct 
from the medical school. Instrumentation, just now 
started, takes its place beside the other main topics with 
a special elective undergraduate laboratory course, 
served by both a faculty member and a technician. 
Introduction to various types of spectrometry, polarog- 
raphy, polarimetry, etc., aims to give the senior stu- 
dent an advantage in service to both industrial and 
academic employers. Principles of operation are 
stressed. 

In beginning organic chemistry a special 10-credit, 
year-course sequence is required for chemistry majors. 
This course uses standard-taper glassware and modern 
electric accessories. Since much of the research in 
organic chemistry is in the field of physical organic 
chemistry, it is not surprising that physical concepts and 
basic ideas of the mechanism of reaction are introduced 
in this beginning course. Main emphasis still remains, 
however, on necessary fundamentals of synthetic 
methods and _ interpretation of structure. More 
thorough study of the “physical organic” concepts is 
left to the six-credit, one-year sequence of lectures in 
advanced organic chemistry for seniors and graduates. 
Non-chemistry majors take different organic courses. 


ECONOMIES IN BUILDING DESIGN 


Aside from the conventional services distributed to 
laboratories, a few items were designed with special 
attention to reduction in cost per student. 

Aisle space next to windows of laboratories was cut 
from common values, running as high as 5 feet, to 21 
inches. Convenience to instructors, and the emergency 
factor, led to rejection of the peninsula design, which 
would have afforded still greater saving. 

Every laboratory worker from freshman to professor 
has direct access to at least one sink; there are no 
troughs in the entire building. No pipe, flue, conduit, 
cup sink, trough, or any other kind of passageway for 
a fluid is located inside any laboratory bench. All 
service pipes come from the ceiling. This eliminates 
the large, wasteful central space normally found in all 
present-day commercial “island benches,’”’ and allows 
much deeper, though, of course, no more convenient 
lockers. Lockers 18 inches wide, drawer and cupboard, 
thus replace the 24-inch shallow lockers often used else- 
where. This system requires special drains on top of 
benches. For this purpose the Harvard plan (Mallinck- 
rodt Laboratory) was followed, with substitution of 
the newer “streamline” copper tubing, with bull-head 
tee openings, for the common pipe which was the only 
material available during the Harvard construction. 

No direct-current wiring is installed except in the 
immediate vicinity of the physical chemistry labora- 
tories. Direct-current requirements in other labora- 
tories are provided by portable transformer-rectifier 
units. This plan eliminates most of the very expensive 
direct-current conduit systems and switchboards. 


JOURNAL OF CHEMICAL EDUCATION 


GRADUATE STUDY 


Graduate students in chemistry at UCLA come from 
many institutions, as shown in the tally sheet for 
September, 1952, of which the following is a summary: 


Undergraduate Training 


Eastern universities 

Eastern colleges 

Midwest universities 

Southern universities and colleges 
Mountain states universities and colleges 
Pacific universities (outside U. C 

Pacific colleges 


tn 


NDR WOH OIr OrW db 


Canada 

Mexico 

Europe 

Asia 

University of California (Berkeley) 12 

UCLA 22 
Total ‘ 104 


In future years it is hoped that a better representation 
of small colleges may be attained, preferably at the ex- 
pense of the last item on the list. The presence of 
UCLA in a very large city probably tends to boost the 
local figure. Uncertainties of draft procedures give 
similar trend. The newness of the graduate program 
is probably reflected in the small showing from colleges 
where UCLA is not yet well known. 

A wide variety of research problems, open to the 
graduate student, is suggested by the following much- 
abridged list: amperometric methods of analysis; polar- 
ography; potentiometry in ortho-semidine systems; 
macro-ring compounds; comprehensive study of ace- 
tylenic systems; “neighboring group participation” 
in organic reactions; chemistry of ‘plant pigments; 
mechanisms of reaction in allylic systems; thermo- 
dynamics of aqueous and nonaqueous solutions; ex- 
perimental and theoretical treatment of molecular inter- 
action in adsorbed phases; X-ray diffraction applied to 
both organic and inorganic problems; photochemical 
reactions; isotopic exchange reactions; isotopes from 
the cyclotron; chemical and microbiological problems 
related to amino acids, and metabolism of microorgan- 
isms. More detailed information, not only on topics 
of study, but also as to administrative arrangements 
is available upon application to the Graduate Adviser of 
the Chemistry Department. 

The usual “normal” period of study of about one year 
for the M.S., or three years for the Ph.D., is applicable, 
provided the attention of the candidate is not diverted 
by remunerative work outside the graduate course and 
research requirements. Both the M.S. and Ph.D. 
degrees require completion of a research program, with 
dissertation to be filed in the local libraries. If a 
newcomer qualifies for research, he may start at once, 
there being no arbitrary initial period confined to course 
work. 

Seminars allow public appearance of both local and 
visiting scholars, including postdoctoral fellows and 
graduate students. Individual staff members hold 
more informal colloquia in addition. 

Monthly “cumulative” examinations are given in the 
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major field of concentration. Graduate students who 
have already met the standard B.S. requirements take 
these examinations until seven have been passed, as 
a regular requirement in candidacy for the doctor’s 
degree. This normally requires about one and a half 
years. If the graduate student has met only the mini- 
mum requirements for the B.S. in chemistry, he will 
probably be required to take certain advanced courses, 
possibly including qualitative organic analysis or one 
of the three “advanced” courses in analytical, organic, 
and physical chemistry. 

Approximately 50 teaching assistants are employed, 
the present compensation being $1500 for the 9-month 
academic year; 12 to 15 hours of teaching service per 
week are normally expected. In addition, special sub- 
sidies are available. The tuition fee normally required 
of non-residents of California by state law may be 
remitted in whole or in part, at the discretion of the 
Dean of the Graduate School, for graduate students 
who have distinguished scholarship records and carry 
full programs. An “incidental”? fee is charged at 
registration time, but there are no laboratory fees. 

Aside from numerous general facilities, each graduate 
student has 9 to 12 lineal feet of laboratory bench and 
a small office desk for individual use. Such workers 
are served by seven skilled craftsmen in machine, glass, 
electronics and instrument shops. Two full-time and 
various part-time technicians maintain laboratories for 
organic analysis and solution preparation. The chem- 
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istry library has complete sets of most of the journals in 
pure chemistry and biochemistry, and receives 190 
current journals. 

Major items of equipment now available for graduate 
research include numerous types of specialized instru- 
ments for radiochemical and nuclear research; a re- 
cording mass spectrometer; quartz and fluorite optical 
systems for photochemical research; infrared and 
ultraviolet spectrophotometers, including recording in- 
struments; a precision bridge for measurement of con- 
ductances of nonaqueous solutions; X-ray diffraction 
equipment; a Gouy magnetic balance; recording 
polarographs; precision polarimeters; high- and low- 
pressure hydrogenation equipment; a number of pre- 
cision fractionating columns; chromatographic fraction 
collectors; and a Warburg respiration apparatus. 

In other departments on the campus are found such 
equipment as electron microscopes, a 42-inch cyclotron, 
and considerable equipment for difficult problems of 
computation. Of special interest is the Institute for 
Numerical Analysis of the National Bureau of Stand- 
ards, located on the campus. 

Space for 13 postdoctoral fellows is provided in 
special laboratories, each for one or two persons, with 
space for other postdoctoral fellows in faculty labora- 
tories as the staff may choose. Research grants have 
enabled the department to invite persons in this cate- 
gory not only from American laboratories, but from 
abroad. 


i 


A FILM ON THE ANALYTICAL BALANCE 


A 16-mm., black-and-white sound-film, entitled ‘The Analytical Balance and Its Use,’’ has 
been produced by the University of Illinois with the cooperation of Fisher Scientific Company. 
This film, for instructing students in the use of the balance, saves the time required to teach them 
individually and permits standardization of instruction in the technique involved. 


The film makes use of diagrams as well as showing the actual operations. 


It covers the con- 


struction of the balance, theory of balance swing and practical determination of rest points, 


weighing, and special types of balances. 


Inquiries concerning purchase of a print or rental may be addressed to Mr. Lewis V. Peterson. 
119 Gregory Hall, University of Illinois, Urbana, Illinois. 
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a CHEMISTRY OF THE COVALENT BOND’ 


Tue general outline of the chemistry program in effect 
at Brown University for the past five years has been 
described previously.2 In that paper the first-year 
course was referred to in terms of traditional courses as 
organic chemistry. It is the purpose of this article 
to indicate how the course differs from carbon chemistry. 
The title given to the course, “The Chemistry of the 
Covalent Bond,” is quite descriptive. Of the three types 
of bonds occurring in compounds: electrovalent, cova- 
lent, and coordinate covalent, the largest number of ex- 
amples of covalent bonds comes from carbon com- 
pounds, so most of the time is spent on them. How- 
ever, the responsibility of the course is not to the field of 
organic chemistry but to chemistry. The main differ- 
ences between a beginning organic chemistry course 
which the author has taught and the present one are the 
following: 

(1) The background for emphasis on structural 
chemistry is laid more carefully. 

(2) <A discussion of the “evolution of the covalent 
bond” is included. 

(3) Acids and bases are treated more fully. 

(4) Balancing oxidation-reduction equations is 
emphasized. 

(5) The chemistry of covaient compounds with a 
single central atom is treated as the chemistry of 
functional groups rather than as the chemistry of one 
element at a time. 

Each of these differences will be commented on 
presently. 

The most significant characteristic of the covalent 
bond, that it is a directed valence, becomes the all- 
enveloping central idea of the entire first year. At the 
beginning the student is asked to accept the following 
postulates as a basis for building a structure of concepts: 

(1) That carbon is tetracovalent. 





1 Presented in part at the 269th Meeting of the NEACT, Mary 
C. Wheeler School, Providence, Rhode Island, February 14, 1953. 

2 Cotes, J. S., L. B. Cuapp, anp R. P. Epps, J. Cuem. Epuc., 
26, 10 (1949). 
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(2) That the four bonds are directed toward the 
vertices of a regular tetrahedron, making angles of 
109°28’ with each other. 

(3) That carbon may be joined to other carbons in 
stable linkages—almost a unique property among the 
elements. 

The geometric implications of these postulates are 
examined and examples are given from atoms other than 
carbon known to be tetrahedral. The student early 
gets the impression that geometry is important in chem- 
istry through the phenomenon of isomerism and an 
appreciation of the principle of economy of explana- 
tion—for example, in learning the properties of indivi- 
dual members of a homologous series. The desir- 
ability of introducing structural chemistry early is being 
recognized in general chemistry courses now, as one may 
gather from some recent textbooks. 

With this structure of concepts the student learns the 
properties of the common functional groups. This 
takes half a year studying aliphatic and aromatic com- 
pounds concurrently. At the beginning of the second 
semester the foundation is firmly established under the 
structure of concepts, since the student is now enabled 
to prove to himself that the original postulate of the 
tetrahedral carbon is sound. The convincing evidence 
and final proof comes from an examination of the im- 
plications of optical and geometric isomerism. While 
it is not desirable in a science course to wait so long to 
establish initial premises, there appears to be no alterna- 
tive unless the first chapter is made interminably long. 

At the beginning of the second semester the flashback 
technique is used further to examine what is called 
“the evolution of the covalent bond.” A brief look 
into the paths of thought which led to the present idea 
that atoms are joined together in molecules is eventually 
brought to conclusion in the G. N. Lewis theory of the 
electron-pair bond. This history is difficult reading 

mainly because the student knows too much chemistry 
by this time. Once the concepts of atoms, molecules, 
and electrons have been used throughout a year of high- 





ocTo 


schoo! 
for hii 
an un 
cult f 
plishr 
into t 
is me: 
ings ¢ 
think 
synth 
subst 
This 
that 
clear 
draw 
zene 
struc 
ducti 
to da 
Di 
are t 
cour’ 
tolle 
ing | 
from 
and 
Bro 
in tl 
but 
cour 
Ir 
vari 
prot 
mat 
ion 
in 0 
enti 
gro 
are 
bal: 
a fe 
suc 
Gre 
ing 
ion 
‘ 
CON 
wh 
difi 
tio 
is | 
sin 
sili 
sti 
in 
co! 
an 





d the 
es of 


ns in 
” the 


$s are 
than 
parly 
hem- 
1 an 
ana- 
divi- 
esir- 
eing 
may 


: the 
This 
om- 
‘ond 
the 
led 
the 
nce 
im- 
hile 
r to 
na- 
ng. 
ack 
led 
0k 
lea, 
lly 
the 
ing 
ry 
es, 


sh- 





OCTOBER, 1953 


school chemistry and a semester in college it is difficult 
for him to separate himself from these ideas to become 
an unprejudiced observer of 1850. (It is equally diffi- 
cult for his teacher.) Perhaps the principal accom- 
plishment in this endeavor arises from getting students 
into the stacks of the library to get an inkling of what 
ismeant by an original source. By a few selected read- 
ings one comes to appreciate the impact on scientific 
thinking by the ideas beginning in 1828 with the 
synthesis of urea, followed by the theory of radicals, 
substitution, and dualism, and the theory of types. 
This succession of theories culminated in the theory 
that there were bonds within molecules. By 1860 a 
clear distinction between atoms and molecules had been 
drawn for the first time and Kekulé’s structure for ben- 
zene followed. Our present modification of Kekulé’s 
structure in G. N. Lewis’ electronic picture and an intro- 
duction to resonance brings this section of the course up 
to date. 

During the first semester acids, bases, and hydrolysis 
are treated more thoroughly than in the usual organic 
course. Three definitions of acids and bases are ex- 
tolled—Arrhenius, Brénsted-Lowry, and Lewis—as be- 
ing useful in various situations. Examples are taken 
from mineral and carboxylic acids and from hydroxylic 
and amine bases. Hydrolysis of salts according to 
Brénsted and acid hydrolysis of olefins and acetylenes 
in the Lewis sense are treated in the most general terms, 
but hydrolysis involving complexes is left for a later 
course, as is the quantitative treatment of the subject. 

In the subject of oxidation-reduction, the pitfalls of 
variable valence cannot be avoided but the students are 
protected by using only three oxidizing agents—per- 
manganate ion in basic or acid solution and dichromate 
ion in acid solution—for which they learn the changes 
in oxidation number. The reducing agents are almost 
entirely organic, containing the ordinary functional 
groups. The bulk of inorganic oxidation-reductions 
are left for a later course, but enough examples of 
balancing equations are given so that the student gets 
a feeling of confidence in his own ability to tackle any 
such exercise. A hybrid combination of the methods of 
Gregg,* Ferguson,‘ and Glasstone® is used for determin- 
ing oxidation numbers in carbon compounds and the 
ion-electron method is used for balancing equations. 

The greatest asset in teaching the chemistry of the 
covalent bond to freshmen is the initial enthusiasm 
which they bring to a course content which is new and 
different from their high-school course. The innova- 
tion in the course content itself for which a strong brief 
is held is the chemistry of covalent compounds with a 
single central atom, mainly some chemistry of nitrogen, 
silicon, phosphorus, sulfur, and halogens. This con- 
stitutes about three weeks’ study in the second semester, 
in which most of the time is spent on polyfunctional 
compounds investigating the influence of one group on 
another in the same molecule. The chemistry of the 
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nonmetals just mentioned is discussed at length else- 
where.® 

The year-course described here entails three lectures 
per week, one recitation, and six hours of laboratory in 
two sessions. The laboratory experiments involve the 
usual techniques of organic chemistry including steam 
distillation and distillation at reduced pressure but 
fewer “still-pot”’ experiments. The student does an 
acid-base titration, gets an introduction to the use of 
the balance, does a volumetric oxidation-reduction 
titration of oxalate ion with permanganate ion, pre- 
pares an anhydrous covalent halide such as tin tetra- 
chloride, phosphorus trichloride, or sulfur monochloride, 
and handles glassworking to the extent of sealing off a 
volatile liquid, generally nitrogen dioxide which he has 
generated himself. These last two sets of experiments 
have been standard in inorganic courses at Brown for 
many years. 

From the viewpoint of an organic chemist one may 
well ask, “‘what is lost in such a course if six weeks or so 
is spent on topics not usually included in organic chem- 
istry?” The answer is that fewer organic reactions are 
learned. Heterocyclics are slighted, fewer aromatic 
condensations are studied, and less time is given to 
petroleum and coal tar. However, students from this 
course enroll in the third semester qualitative organic 
course which is given to others with a regular year of 
organic. 

The same final examination has been given to the 
students in this course and the regular organic course 
for A.B.’s and pre-meds for three years. The freshman 
average is 5 to 6 percentage points lower on the basis of 
100 than the others (sophomores and juniors). 

Other people have looked in the direction we are 
taking. As long ago as 1920, Norman R. Campbell? 
said that one might well start the study of chemistry 
with stereoisomerism. The following quotation is out 
of context but I think not removed from the spirit of 
his suggestion: “For chemistry, so rich in laws (though 
not often explicitly named as such) and so powerful in 
the ordering of facts, is poor in theory.... Chemistry 
has but one noteworthy theory and but one set of 
hypothetical ideas, the theory of combination of atoms 
into molecules with its fundamental idea of valency. 
It is a most beautiful theory, surpassed by none other 
in the intellectual satisfaction it affords, but unfortu- 
nately it is not easily or certainly applicable to the com- 
pounds in which the attention of the elementary student 
is concentrated; we know far less about the constitution 
of water than about that of some organic compound 
with a name a yard long—long simply because the 
theory is so strictly applicable to it. If chemistry is to 
be the vehicle of elementary instruction in science, we 
should begin with stereoisomers and proceed (if we have 
time) to the simple compounds of oxygen, hydrogen, 
and nitrogen.” 

Recently Sir Robert Robinson made a special plea in 





5 Greae, D. C., J. Cuem. Epuc., 22, 548 (1945). 
* Fercuson, L. N., ibid., 23, 550 (1946). 
5 GLASSTONE, S., ibid., 25, 278 (1948). 


6 Cuapp, L. B., ibid., in press. 
7Campse.t, N. R., ‘“‘Physics—The Elements,” Cambridge 
University Press, London, 1920, p. 225. 
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his address to the Science Masters’ Association, London, 
on January 4, 1951, for the introduction of organic 
chemistry earlier into the curriculum and cited the 
following five reasons, pertinent in part at least to the 
present discussion :* 

(1) The underlying principle of the molecular 





8 Rosinson, R., School Sci. Rev., 33, 2 (1952). 





To the Editor: 


I have used a technique for the Hittorf transference- 
number experiment which represents a hybridization of 
the Levy (J. Cuem. Epuc., 29, 384 (1952)) and Angus 
(tbid., 30, 155 (1953)) ideas. This method is approzi- 
mate and its pedagogical value lies in the student’s mak- 
ing a rigorous analysis of the approximations involved. 

The anode and cathode compartments are drained 
into dry 100-ml. flasks and then filled to the mark with 
distilled water measured with a buret. Analysis is 
carried out in any appropriate manner. The drainage 
is neglected. Let V be the volume in ml. of HO added 
to the flask, e the total equivalents found in the flask, N 
the normality of the original solution, Ae the apparent 
change in the number of equivalents in the compart- 


ment, and f the number of faradays during electrolysis. 
Then 


Ae 
t 


(100 — V)N/1000 — e 
(f + Ae)/f 

By assuming that the drainage-loss solution has the 
same composition as the solution drained off and that 
there is no volume change during electrolysis the stu- 
dent can show that 


Ae’ = Ae(100 — V — AV)/(100 — V) 


where Ae’ is the true change in the number of equiva- 
lents in the compartment and AV is the ml. of solution 
lost due to drainage. Experimentally, AV is found to 
be less than 0.1 ml. for well-cleaned cells. Since V for 
the usual apparatus is about 90 ml. the error in ¢ is of 
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(2) Organic chemistry is fundamental for plant and 
animal physiology as well as medicine. 

(3) A large part of physical chemistry, especially 
the classical approach to chemical kinetics, is concerned 
with the properties and reactions of carbon compounds, 

(4) The subject is of great industrial importance. 

(5) Finally, and most cogently, there is the fascing- 
tion oi the work for its own sake. 


the order of 0.001. While this method uses concentra- 
tions the required error analysis insists that total equiva- 
lents be considered for the more rigorous derivation. 


Rosert H. LINNELL 


AMERICAN UNIVERSITY OF BEIRUT 
Berrut, LEBANON 


To the Editor: 

I am writing with reference to the article entitled 
“The algebra of simultaneous equilibria,”’ by D. David- 
son and K. Geller, which was published on page 238 of 
the May issue of the JouRNAL oF CHEMICAL Epvuca- 
TION. Like that by R. N. Boyd [J.. Cuem. Epvc., 
29, 198 (1952)], which it criticizes, this article is con- 
cerned with the question of teaching students how to 
“solve’”’ problems involving more than one equilibrium 
constant. 

The equilibrium constants involved, and their com- 
binations, here presented as final simple solutions of 
the ‘problems,’ are simple algebraic equations. 
Given such an algebraic equation, or set of algebraic 
equations, the student presumably knows, from high- 
school elementary algebra, how to substitute numer- 
ical values and calculate an unknown. This “algebraic 
operation”’ is not a chemical problem; certainly it is 
not a problem of chemical education, but rather of 
elementary algebra and simple arithmetic. 

The chemical question is whether or not the final 
simple algebraic equation applies, in its simple form, 
to the particular equilibrium problem under consider- 
ation. The subject of the “solving’’ of problems in 
college courses should be concerned not with algebraic 
substitution in a simple formula but with the question 
of the applicability of the formula. If only the simplest 
formulas or simplest approximations are taught and 
used, it is up to the instructor, in testing his students, 
to make sure that his test problems can legitimately 
be solved by these simple formulas. The result is that 
the student is tested on algebraic and arithmetical 
manipulations, while the instructor is being self-tested 
in chemical principles and chemical judgment. 
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The significance of these criticisms may be seen by 
specific reference to the 14 “problems’’ used as illustra- 
tions in the article by Davidson and Geller. Six of these 
problems, Nos. 4, 5, 6, 8, 10, and 12, require merely 
the statement of the definitions and their combinations 
as algebraic equations. No. 14, the calculation of the 
concentration of zincate ion when zine hydroxide ‘‘is 
equilibrated with 0.1 M sodium hydroxide,” is also 
merely a question of the definitions, if “0.1 M sodium 
hydroxide’ means the final concentration of hydroxy] 
ion. The simple solutions presented for these seven 
problems, therefore, are explicit and exact, and may be 
said to apply correctly, by definition, for all possible 
values of the numerical data. In each case the solution 
involves no approximations or assumptions; it re- 
quires, in other words, no appraisal of the situation, 
no exercise of judgment. 

The remaining seven problems, on the other hand, 
do involve assumptions and approximations, requiring 
appraisal of the relations to ascertain that the simple 
solution used is applicable to the situation. These 
assumptions and approximations, however, are not 
stated in the article. Hardly a student reading the 
article will be aware of them, or will realize that the 
final simple solution presented applies only for certain 
values of the numerical data. In fact, there will be 
more than one instructor who will not realize these limi- 
tations. 

Problem 1, the calculation of the pH of sodium bi- 
carbonate solution, is based on the product of the ioniza- 
tion constants of a dibasic acid, or K,K, = [H*]? 
[D--]/[H2:D], a combination of definitions. In the 
previous discussion, the authors write “if [H,D] = 
[D-~] (which is true in an aqueous solution of NaHD),”’ 
the result is, of course, [H+] = KiKe. Although this 
final formula is unquestionably very useful, the student 
should know that it is based on the assumption that [H.D] 
~ {[D-~]. He should know why this approximation 
holds well for NaHCO; but not for NaHSO,or NaHS, and 
how and why it holds better for high than for low concen- 
trations. Theassumptionsmadeunder Problem 2, forthe 
pH of ammonium cyanide solution, are almost exactly 
analogous to those of Problem 1. The interesting 
question is that of the range of applicability of these 
assumptions, not the “algebraic solution” of the final 
approximation. 

Problem 3 asks for the ratio of the complex ions 
[Ag(CN).~j and [Ag(NHs;).+] on addition of 0.01 
equivalent of silver ion to a solution ‘‘containing one 


equivalent each of cyanide ion and of ammonia.’”’ With 
[Ag(CN )2—] [NH3]#/[Ag(NHs3)2*][CN~]? = i:K,/Ki, 
by definition, the answer is given as K;,,/K;,. But 


what would the student do for something like the addi- 
tion of 0.01 equivalent of silver ion to a solution con- 
taining 0.01 equivalent of cyanide ion and 0.02 equiv- 
alent of ammonia, or to a solution containing 0.01 
equivalent each of cyanide ion and of ammonia—par- 
ticularly, in these cases, if the two instability constants 
were nearly equal? The real question in “solving” 
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this problem is whether or not we may cancel out 
[NH;] and [CN~], not the algebraic difficulty in cal- 
culating the answer if these concentrations may be 
cancelled. 

The student would be, chemically speaking, much 
more educated if he knew how to think through, even 
slowly, the general problem in one general case, than 
he would be if he knew how to “solve’’ glibly a hundred 
problems suitably arranged by the instructor for the 
applicability of the approximate solution, so as to re- 
quire no real thinking on the part of the student. 

Problem 7, for the pH “of a saturated solution of 
barium carbonate in 0.02 M barium chloride,” is 
based on the combination of definitions 


K.pKw/K2 = [Ba**][HCO;~] (OH~] 


Then, the authors write, ‘since HCO;~ and OH~ ions 
are formed in equivalent amounts,”’ it follows that 


[H+]? = (0.02)K2Kw/Kep 


But it is not pointed out that it is being assumed that 
[HCO;-] = [OH~], and that the assumption holds 
only approximately and only for certain values of the 
data. If the student assumed the same approximate 
solution of the corresponding problem for zine sulfide 
in 0.02 M zinc chloride, for example, he would calculate 
[H+] = 1.3 * 10~‘ (for the values of the constants as 
used in the article), an obviously absurd result. 

In problem 9, for the concentration of ammonia re- 
quired to dissolve 0.01 mol of AgCl per liter, the assump- 
tion is simply that K,,/c may be neglected relative to 
c, the number of mols of silver chloride being dissolved 
per liter. This is quite generally valid for AgCl, al- 
though it would not do for AgBrO; or AgSO,. 

In problem 11, x mol of AgCl is shaken with 1 liter of 
NaBr solution of molarity c, and the student is to cal- 
culate the proportion of sodium bromide converted to 
silver bromide. The answer given is based on the sim- 
ple relation [Cl~]/[Br-] = K.,/K.,’, holding if the so- 
lution is saturated with both salts. But unless 
x is greater than a certain value, the solution 
is saturated only with AgBr. For c = 0.1 the 
required value of x is 0.09952 (for the constants as used 
in this article), so that with x = 0.1 the answer given 
does apply. But given x = 0.09, for example, what 
principle will the student use to see whether the ‘‘solu- 
tion’’ of the problem is applicable? 

In Problem 13, the pH at which zine sulfide will dis- 
solve to form a 0.1 M Zn+* solution is to be calculated. 
By definition, 


[Zn . +]/(H " |? = Ksp/Ki Kok; 


in which K,(= 0.1) is the concentration of unionized 
HS in a solution saturated with H.S. It happens that 
if ZnS dissolves to form 0.1 M Zn*+*, the total concen- 
tration of the dissolved forms of H.S will be 0.1 so 
that the solution will be practically saturated with H.S 
if [H+] is not very low, and then the above expression 
will just apply. But if the problem had called for 
0.01 M Zn++, the equation would be absurd; and 








534 


yet the limitation to saturation with H.S is not even 
mentioned. 

Neither historically nor in practice is qualitative 
analysis, for which these problems are apparently 
presented, based on such calculations for its develop- 
ment or application. These “problems” are intro- 
duced, it is agreed, for their usefulness in the teaching 
of theoretical principles, because the understanding of 
the principles is proved, ultimately, only in their appli- 
cation to real problems. But for a real problem the 
student then should decide for himself whether a par- 
ticularly simple final approximation is applicable to 
the data. This is the test of the understanding of the 
chemical and mathematical relations involved. The 
rest is numerical substitution, non-chemical activity. 

If then we concern ourselves with making up prob- 
lems which will be assumed in advance to conform to 
the simplest final approximations, the student need 
only follow certain simple typical procedures to “solve” 
them. Such problems become essentially algebraic 
exercises without chemical significance; in a sense the 
answer to the problem is already assumed in the very 
form of the fina] approximation used. In doing this 
we may succeed in making life easier for the student 
(and for the instructor) while in school. But in thus 
avoiding the necessity for the student to think for 
himself, we misrepresent the real nature of chemical 
problems and fail in our purpose of fundamental train- 
ing. 

Joun E. Ricct 


New York UNIVERSITY 
New York, New YorK 


To the Editor: 


Professor Ricci’s above letter concerning the recent 
paper by myself and K. Geller may be considered to 
consist of two parts: (1) a general criticism of the prob- 
lems used in qualitative analysis; (2) specific criti- 
cisms of the problems given in our paper. Concerning 
the first part, our own experience suggests that the 
capacities of second and third term chemistry students 
fall somewhat short of Professor Ricci’s estimate. 
Such students require considerable drill in applying 
simple algebra to chemistry. 

As for the problems in our paper, it was not our in- 
tention that students be given the over-all equilibrium 
constant expressions but rather that they work out 
these relationships for themselves using the simple pro- 
cedure outlined in our paper. Our main interest was to 
show that many different problems occur, whether they 
be real or academic, in which this procedure may be 
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useful. The several specific criticisms may now be con- 
sidered in order. 

Problem 1. We did fail to insert, after “NaHD,” 
the qualifying phrase, ‘in which HD>- is weak or 
intermediate in strength both as an acid and a base.” 
The meaning of these strength designations is given jn 
reference (2) but may be reviewed here briefly. 





Strength designation Strength designation 


of Acidity scale of 
conjugate acid pKa pKb conjugate base 
Strong Feeble ie. 
Berne ea aeye 2 che sae 
Intermediate Weak 
‘eae Ss fe eee ~ Fere s ‘ eccves 
Weak Intermediate 
Lee ere 12.. 2 ee 
Feeble Strong 





The troublesome examples given by Professor Ricei 
were NaHSO, (HSO,°~ ion is a strong acid but a feeble 
base) and NaHS (HS~ is an intermediate base but a 
feeble acid). Insofar as the pH’s of their solutions are 
concerned these substances may be treated adequately 
by considering the first merely as a monoprotic acid 
and the second merely as a monoprotic base. The 
reason for this is that the solvent, water, is both a 
feeble base and a feeble acid (pKa, = 15.7, pKb, = 
15.7) of comparable or greater strength than bisulfate 
ion as a base or hydrosulfide ion as an acid. 

Problem 2. The same qualification applies as in 
problem 1. 

Problem 3. Nocomment. 

Problem 7. At the beginning of the section in which 
this problem occurs the limitation to salts whose anions 
are weak or intermediate bases is expressly stated 
(the cations were neglected but should be non-acidic). 
In Professor Ricci’s example, zine sulfide, the anion is a 
strong base. 

Problem 9. At the beginning of the section in which 
this problem occurs the term, “slightly soluble salt” 
appears. This implies a limit of applicability. 

Problem 11. The section in which this problem 
appears begins: ‘‘If two slightly soluble salts . . . are in 
equilibrium with a solution.” 

Problem 13. This should read: ‘‘At what pH will 
zinc sulfide dissolve in saturated hydrogen sulfide solu- 
tion (1 atm.) to form a 0.1 M Zn++ solution?” 

Problem 14. The solution to this problem indicates 
that no material change in the concentration of sodium 
hydroxide occurs due to its reaction with zine hy- 
droxide. 


Davip DavipsoNn 
BROOKLYN COLLEGE 
Brookiyn, New York 
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s INTRODUCTION TO PHYSICAL CHEMISTRY 


Alexander Findlay, Emeritus Professor of Chemistry, University 
of Aberdeen. Third edition. Revised by H. W. Melville, F.R.S., 
Mason Professor of Chemistry, University of Birmingham. Long- 
mans, Green and Co., London and New York, 1953. vii + 592 
pp. 155 figs. 13.5 X 21.5 cm. $5.50. 


A.tHouGu this is the third edition of this well-known textbook, 
it has not previously been reviewed in THIS JOURNAL. 

The arrangement of topics is conventional, except that the dis- 
cussion of thermodynamics comes rather late. This introduces 
a difficulty, since the treatment of solutions uses some of the 
equations subsequently derived in the chapters on thermody- 
namics; the difficulty would not be serious if there were sufficient 
cross references within the book,but equations are not numbered, 
and such expressions as ‘‘it has already been pointed out that. . .,”’ 
or “we shall learn later that ...,” occur frequently, and the reader 
has to hunt diligently to discover where. To add to the con- 
fusion, where cross references are given, they are sometimes 
in error. For example: On page 94 we read, ‘Reference 
has already been made (p. 93) to the transpiration method of 
determining vapour pressures . . .”; this method is not given on 
page 93; it is discussed in another context more than 100 pages 
further on. On page 203 a reference is given to page 49; it 
should be page 41. On page 221, reference is made to chapter 
XIX; it should be chapter XVIII. As nearly as can be 
judged, these errors are due to carelessness in the revision; 
however they arise they make serious study difficult. 

The aspect in which this text differs most markedly from many 
others is the emphasis given to the history of physical chemistry. 
The historical approach has certain advantages as well as disad- 
vantages. Historical emphasis helps the student to see physical 
chemistry as a constantly developing body of knowledge, and to 
avoid the impression, so easily obtained, that our present ideas 
are necessarily and finally correct; the student who studies this 
book will see clearly that he is in midstream in an ongoing process. 

On the other hand, there are certain hazards to the historical 
method which this text does not altogether avoid. The historical 
approach sometimes causes the student to learn something wrong, 
which he finds difficult to unlearn; or it may lead him to a subtly 
false impression, which he never consciously recognizes as false. 
An example of this is the misconception regarding the nature of 
solutions which was introduced by van’t Hoff’s interpretation of 
osmotic pressure as being due to bombardments by solute parti- 
cles, and which emphasis on van’t Hoff’s work has helped to per- 
petuate. Furthermore, the student will probably gain the im- 
pression that there is something more fundamental about osmotic 
pressure than about the other properties of solutions; even elec- 
tromotive force equations are derived from osmotic pressure rela- 
tionships (page 374). 

The first edition of this text, published in 1933, was reasonably 
modern and up to date in most respects, but subsequent revisions 
have not kept up with the times. The chapter entitled The Law 
of Mass Action Applied to Solutions of Electrolytes was well done 
in 1933, with keen insight into changing points of view—and 
changes were rapid at that time. But now, 20 years later, much 
progress has been made, perhaps more in ways of clarifying ideas 
—1. e., in teaching methods—than in the ideas themselves, yet 
this chapter is almost unchanged. In the chapter on Behaviour 
of Electrolytes especially there are out-dated interpretations 
which should have been corrected by this time; for example 
(page 224), in the electrolysis of aqueous sodium chloride solu- 
tions, sodium ions ‘‘on being discharged, give rise to sodium which 
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reacts with water with production of hydrogen,” or (page 236) 
“The molecules of sodium chloride, NaCl, consist of sodium ions 
and chlorine ions in the form of electrically neutral ‘doublets,’ . . .”’ 

Much of the third edition is identical with the first, but some 
changes have been made. A chapter entitled Molecular Dimen- 
sions and Configurations has been added; it is too brief and su- 
perficial to be of much value. Three chapters, Velocity of Chem- 
ical Reaction, Catalysis, and Photochemistry, which were scat- 
tered through the text in the first edition have been brought to- 
gether and completely rewritten as a single chapter entitled The 
Mechanism of Chemical Reactions and Velocity of Chemical 
Change. Logically, this is a great improvement; unfortunately, 
the new chapter is somewhat disjointed, not well integrated with 
the rest of the text, and marred by occasional careless misstate- 
ments. The title of the chapter on colloids has been changed to 
Interfacial and Related Phenomena; the chapter has been partly 
rewritten, and new material on high polymers has been added. 
This chapter and that on adsorption have been interchanged in 
order, and the latter chapter also has been largely rewritten; 
again, the revision is marred by occasional mistakes. 

Among the best features of the book are excellent and rather 
detailed descriptions, often including diagrams of the apparatus, 
of many of the “‘classical’’ experiments in physical chemistry. 
Many of the explanations of difficult points are done with keen 
insight into the difficulties which students are likely to encounter. 
Examples worked out in the text add greatly to its value, and an 
adequate number of problems and exercises are given in the ap- 
pendix, together with answers to some of them. 


WILLIAM E. CADBURY, JR. 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


e INORGANIC CHEMISTRY: A TEXT-BOOK FOR 
ADVANCED STUDENTS 


E. de Barry Barnett, formerly head of the Chemistry Department, 
Sir John Cass Technical Institute, London, and C. L. Wilson, 
Reader in Analytical Chemistry, The Queen's University, Belfast. 
Longmans, Green and Co., London and New York, 1953. xiv + 
512 pp. 27 figs. 12tables. 16.5 X 25.5cm. $7. 


As INDICATED in the preface to this volume, the purpose of the 
book is to provide a text suitable for students ‘reading for a uni- 
versity degree or similar professional qualification,” and it as- 
sumes a knowledge of inorganic chemistry covered in the usual 
intermediate course, as well as a familiarity with the essential 
principles of physical chemistry. 

The plan of the book resembles in a general way that of Therald 
Moeller’s “Inorganic Chemistry” (John Wiley & Sons, Inc., New 
York, 1952), in that the first part of the volume—seven chapters 
of a total of 27—deals with the more theoretical aspects of the 
subject, whereas the later chapters deal with the chemistry of the 
individual elements considered according to their position in the 
periodic system. A preliminary section on inorganic nomencla- 
ture is followed by a historical introduction (with special reference 
to the development of the periodic classification of the elements); 
chapters on the determination of atomic weights; on natural 
radioactivity; on the artificial breakdown of atoms; on isotopes 
and isobars; on the structure of the outer sphere of the atom; 
and on stereochemistry and crystal chemistry. 

A chapter on the isolation of the elements precedes the discus- 
sion of the inert gases and of hydrogen. There follow chapters 
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on the elements of the A-subgroups, Group VIII, and the B-sub- 
groups, ending with the halogens. A table of the electronic 
configuration of the elements is given as an appendix. 

The authors remark that they have avoided giving technical 
or engineering details of chemical or metallurgical operations, 
“since such detail is chemical engineering rather than chemistry.” 
References to the original literature are given only very sparingly, 
and then only to more recent work. In the reviewer’s opinion, 
this omission deprives the book of possible value as a source book 
for further study on numerous topics which are treated only 
very briefly. An exception in this regard is in the case of the 
reports on German chemical industry, supplied by the Field 
Information Agency (Technical)—the so-called F.I.A.T.  re- 
ports—shortly after World War II. Full references are given to 
these reports. 

Doubtless in an attempt to reduce the size and cost of the work, 
the typography adopted in this volume gives the impression of a 
rather crowded format, and the close spacing of the lines results 
in a loss of comfort in reading, especially if lengthy passages are 
to be covered. The saving of space, furthermore, is to a certain 
degree canceled by the use of unnecessarily large figures or dia- 
grams which appear in a number of places. For example, Fig. 
26.3, page 428, occupies a full page, and Figs. 26.4 and 26.5 to- 
gether fill page 436. Other figures, such as Figs. 10.2 and 10.3, 
23.2, 26.2, 27.1, and a number of the diagrams of crystal struc- 
ture, such as Fig. 15.1a and the figures on pages 84-91, are all pre- 
sented on a scale larger than seems necessary. 

There is evidence of the exercise of care to bring the subject 
matter up to date throughout the book; and comparatively few 
typographical errors were noted. 

On the whole, this work is to be welcomed as another attempt 
to fill a long-felt want in chemical literature—a survey of inorganic 
chemistry at a level suitable for senior or graduate students, and 
with emphasis upon modern developments in this field. 


WALTER C. SCHUMB 
Massacuusetts InsTiITUTE oF TECHNOLOGY 


CAMBRIDGE, MASSACHUSETTS 


e COLLEGE CHEMISTRY: A SYSTEMATIC APPROACH 


Harry H. Sisler, The Ohio State University, Calvin A. Vander 
Werf and Arthur W. Davidson, both of The University of Kansas. 
The Macmillan Co., New York, 1953. xi + 623 pp. 180 figs. 
105 tables. 15.5 X 23.5cm. $5.25. 


Tuts book is a ‘“‘shorter, more compact” text than the authors’ 
“General Chemistry: A Systematic Approach” and yet retains all 
the good features of the other text. It may be used equally well 
for students who have had no chemistry and for those who have 
had chemistry in high school. The development is so clear as to 
be readily grasped by the former while the approach is challeng- 
ing and stimulating for the latter. The book is furthermore a 
sound and adequate introductory course for science students. 

The core of the book seems to be ‘‘the unfolding of the chemist’s 
present concept of the structure of matter. . . .certainly one of the 
greatest triumphs of the human intellect.’”’ The basis of princi- 
ples on structure, the correlation of structure with position in the 
periodic table, and the consequent predictability of properties 
and behavior are well presented. The introductory paragraphs 
to the various chapters make excellent transitions which produce 
an integrated whole that is quite satisfying. 

The applications of the principles are well developed throughout 
the book and quantitative relations are explained clearly and 
simply. The diagrams, illustrations, and tables are excellent 
and different in that they teach as well as illustrate. The chemis- 
try of the atomic nucleus, which includes radioactivity, incontro- 
vertibility of mass and energy, artificial nuclear transformations, 
atomic energy and explosives, is fittingly placed in the last chap- 
ter. Ordinarily in most first-year texts this material, in the 
opinion of this reviewer, interrupts the unity of the presentation 
of chemical properties and chemical change. 

Those who feel they should include introductory qualitative 
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analysis in the first year of chemistry will not find qualitative 
tests explained. However, the significance and applicability of 
analytical principles are emphasized in the chapters on solutions, 
acids and bases, and equilibrium. Organic chemistry and 
colloids are adequately treated. 

For the past three years this reviewer has been looking for g 
text such as this which certainly gives the desired background 
for physical chemistry. 

SISTER M. CONSILIA HANNAN 
Saint JoserH COLLEGE 
West Hartrorp, CONNECTICUT 


Pa THE CHARACTERIZATION OF ORGANIC 
COMPOUNDS 


Samuel M. McElvain, Professor of Chemistry, University of 


Wisconsin. Revised edition. The Macmillan Co., New York, 
1953. ix + 303 pp. 15 figs. 40 tables. 14.55 x 22 cm, 
$4.50. 


Tuis revised edition represents a refinement of an excellent 
text first published eight years ago. No changes have been made 
in order or form, but where necessary more modern electronic ex- 
planations have been incorporated and new or more workable 
laboratory directions substituted. This book is still admirably 
suited to class use since techniques are well explained and each 
reaction is so clearly discussed, both from the practical and theo- 
retical point of view, that little remains to be covered in lecture. 

The introductory chapters on general procedure, determina- 
tion of physical constants, determination of the elements, solu- 
bility of organic compounds, discussion of the class reactions, 
and separation of mixtures have remained almost unchanged. 
The one improvement has been more up-to-date explanations of 
certain phenomena such as hydrogen bonds, the reactions of alkyl 
halides, the solubility of amines and the colors produced by meta 
dinitro compounds with base and acetone. Two of the three sets 
of questions and problems are entirely new. 

More changes appear in the two chapters giving actual direc- 
tions for laboratory work. A few of the class reactions have been 
rewritten. For example, more reliable directions are given for 
the iodoform test, phosphorus pentachloride has been substituted 
for phosphorus oxychloride in the preparation of sulfony! chlor- 
ides, and iron is used in place of tin in the reduction of the nitro 
group. A few reactions have been added, such as the lithium 
aluminum hydride test for the nitro group, the use of ferric chlor- 
ide in anhydrous solvents in the phenol test, and methods for 
hydrolysis of sterically hindered compounds. 

The long chapter on the selection and preparation of deriva- 
tives has been modified the most. In addition to deleting less 
applicable derivatives and making several additions to the tables 
of melting points of the common derivatives, the author has in- 
cluded lists of and references to less common derivatives, inserted 
a new section on amino acids, and almost completely revised the 
discussion of phenols, hydrocarbons, and sulfonic acids and their 
derivatives. Also the refractive indexes of esters have been 
tabulated. New laboratory directions are given for the prepara- 
tion of 3-nitrophthalates of alcohols, phenylureas from amines, 
three derivatives directly from esters, 3,5-dinitrobenzoates and 
N-aryl carbamates from phenols, pyrazoles and pyrazolones from 
enols, and S-benzylthiouronium salts and p-toluidine salts from 
sulfonic acids. In addition newly announced derivatives of both 
aliphatic and aromatic hydrocarbons are discussed and refer- 
ences to the original literature given. 

The reviewer feels that this new edition, still only 300 pages in 
length, is a necessary addition to an organic qualitative Jabora- 
tory. Its main drawback is a paucity of tests for particular 
functions: for example, the benzenoid structure test, the hydroxa- 
mate test, the various tests for amines and phenols, and the modi- 
fied Beilstein test. 


MARGARET K, SEIKEL 
WELLESLEY COLLEGE 
WELLESLEY, MASSACHUSETTS 
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e THE COMPOSITION AND ASSAYING OF MINERALS 


John Stewart-Remington and Wilfrid Francis. William 
Clowes and Sons, Ltd., London; Philosophical Library, Inc., New 
York, 1953. viii +127 pp. 14.5 X 22.5 cm. $5.50. 


Tus thin volume “relates primarily to the chemical composi- 
tion of minerals, with the object of providing a handy guide to 
their qualitative and quantitative examination that is suitable 
for use by mineralogists, metallurgists, geologists, chemists in 
mine laboratories, and students in schools, technical colleges, and 
The book is divided into five parts: I, Qualita- 
tive Examination, 9 pages; II, Metallic Minerals, 89 pages; 
Ill, Typical Assays of Ores, 9 pages; IV, Non-Metallic Miner- 
als, 11 pages; V, General Chemical and Mathematical Data, 
9 pages. It also contains a folded table of a general qualitative 
analysis scheme for metals. There is no index. 

The emphasis is on the metals and for each is given short de- 
scriptions of some of the minerals, several qualitative tests, and 
one or more procedures for quantitative assay. Most of the 
analyses are by wet assay methods, although a few dry assays 
are described. Spot tests and spectrographic methods are not 
described. Chemical equations for the reactions involved in an- 
alyses are given. 

The treatment of minerals is of uneven quality and contains 
a number of mistakes. Microcline, KAISi;Og, is referred to as a 
“tricalcium potash felspar’’ (page 110). Perhaps they meant 
triclinic. Amethyst is erroneously assigned to corundum on 
page 51 and correctly to quartz on page 108. Rhodonite is listed 
as a manganese mineral and rhodochrosite is not listed. Most 
of the mineral localities are British, as is proper for a British 
book, but several of those given for the United States are rela- 
tively unimportant. Several misspellings of mineral names were 
noted, as for example ‘‘desclorzite’”’ for descloizite (page 76); 
“wartzite’”’ for wurtzite (page 62), and “henlandite’’ for heuland- 
ite (page 112). The compositions of silicate minerals in the 
table on pages 113, 114 are too much simplified. 

The chief value of the book lies in the compact and clear state- 
ment of procedures and analytical schemes. 


universities.” 


ALONZO W. QUINN 
Brown UNIVERSITY 
ProvIDENCE, RuopeE ISLAND 


* GMELINS HANDBUCH DER ANORGANISCHEN 
CHEMIE. SYSTEM 41: TITAN 


Edited by Eric Pietsch. Eighth edition. Verlag Chemie, GMBH, 
Weinheim, Germany, 1951. xxii + 481 pp. 100 figs. 17.5 x 
25.5cm. $27.20. (Available through Walter J. Johnson, Inc., 
125 E. 23rd St., New York 10, N. Y.) 


Ir 1s inevitable that the new issue of Gmelins Handbuch on 
titanium should be compared with Jelks Barksdale’s “Titanium’’! 
which appeared two years ago. In the period between these 
two publications, titanium as a metal has come of age. While 
the basic technology for the production of titanium had been 
worked out, commercial production had hardly begun when 
Barksdale completed his manuscript. The Gmelin treatise, 
which uses Barksdale’s book as one of its general references, has 
brought technological developments of the metal up to 1950. 

The differences between the two books are, however, more than 
two years between dates of publication. These two treatments 
reflect entirely different concepts of technical book production. 
One is a commercial venture supported by the author, who has 
put countless hours into the preparation of the manuscript, and 
by the publisher, who has gambled a considerable sum of money to 
put it on the market. The other is a typical German handbook, 
compiled by a competent staff which works for a salary, supported 
by the chemical industry both here and abroad, and sponsored 
by a famous institute. The Barksdale book (besides being in 
English) is a readable, informative, and competent treatment of 





1 Reviewed in THIS JOURNAL, 27, 290 (1949). 
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the element and its compounds, but the Gmelin is a far better and 
more definitive reference book. Barksdale has numerous ref- 
erences to the literature that are conveniently collected in an 
appendix and is supplied with a helpful index. The Gmelin 
has even more numerous references, but they are interposed 
into the sentences themselves, which makes for harder reading, 
and is supplied with only a table of contents in lieu of an index. 

It may be harder to dig information out of the Gmelin, but it 
contains more. For example, barium titanate is now recognized 
as a useful piezoelectric material. Gmelin has devoted 20 pages 
of fine print to the compound and its behavior in five crystalline 
modifications, of which about two pages are concerned with its 
piezoelectric behavior. Barksdale has about five pages on this 
compound, scattered throughout the book, and does not mention 
the piezoelectric phenomenon. The situation is similar with 
other somewhat less familiar, albeit simple titanium compounds, 
such as the monoxide (TiO) and the nitride (TiN). On the sub- 
ject of cutting tools and other products based upon alloys of 
titanium carbide (TiC), on titanium dioxide (TiO.) pigment, and 
on other products which have important commercial applications, 
on the other hand, Barksdale has excellent chapters. These 
comparisons are not intended to be disparaging, but to empha- 
size the demands made upon an author who is putting out a book 
that must be a commercial success, in comparison with those 
placed upon an institute committee to publishing all the known 
information about one of the elements and its compounds. This 
emphasizes the need in the United States for an institute (pos- 
sibly the National Science Foundation?) which can sponsor hand- 
books comparable to Gmelin and Beilstein. 

The excellence of this volume on titanium is in keeping with the 
high standards set by the Gmelin Institute. Every phase of 
titanium chemistry and technology is considered, with the usual 
prolific references to the literature. Obsolete information has 
been weeded out and the literature has been carefully reviewed 
through 1949. It is obviously an essential addition to any 
library which purports to cover the field of chemistry. 


LAURENCE 8. FOSTER 
BELMONT, MASSACHUSETTS 


« ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUME X: PENTACENE TO POLYMETHINE DYES 


Edited by Raymond E. Kirk and Donald F. Othmer, Professors 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors, Janet D. Scottand Anthony Standen. The Interscience 
Encyclopedia, Inc., New York, 1953. xvi + 976 pp. 19 X 27 
cm. $25. 


In 1947 Volume I of E.C.T. appeared with the promise that two 
volumes would be published annually until the set of ten volumes 
was complete. The editors have labored nobly to try to maintain 
this publication schedule, but the amount of excellent material 
just could not be condensed to ten volumes. Fortunately, they 
believed it better to increase the number of volumes than to con- 
dense and eliminate the encyclopedia material. This policy has 
extended the time necessary for completion of the set, but has in- 
creased appreciably the value of E.C.T. 

Not since the letter ‘‘C’’ has so much appeared under one letter 
heading. The P’s carry a wealth of industrial chemical items 
running from perfumes (33 pages) to polymers (15 pages). Be- 
tween these two entries are found sections on petroleum (139 
pages), phenolic resins and plastics (35), phosgene and derivatives 
(11), phosphoric acids and phosphates (40), phosphorus and al- 
loys (20), pigments (83), plasticizers (32), plastics (21), plywood 
(11), economic poisons (7), polishing materials (15), polyamides 
(22), and polyethylene (19). 

It might appear that the sections on plastics (21) and polymers 
(15) are rather brief for these important subjects. ‘‘Plastics’’ 
covers briefly the entire field and gives cross references to the par- 
ticular items which deal specifically with a special item, as phe- 
nolic resins and plastics (35). ‘‘Polymers’” covers the theory and 
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classification of high polymers and the determination of physical- 
chemical properties. ‘‘Polyamides” discusses in some detail the 
production of 66-nylon and other salts of this type. ‘‘Polyes- 
ters” merely refers to cross-references under five other headings. 

The petroleum industry is the giant in this volume, with cross- 
references to many petroleum products discussed individually. 
The composition and origin of petroleum are discussed exten- 
sively. A lengthy table gives compositions and properties of 
many petroleum products. Separate sections are devoted to 
petroleum chemicals and to petroleum waxes. This section will 
be used frequently for its authoritative material on processes and 
products. 

The inorganic chemist will find much of importance to him. 
Sections on peroxides and peroxy compounds (20), phosphorus 
and its compounds (52), phosphoric acids and phosphates (40), 
and the platinum group metals (41). The analytical chemist will 
find sections on polarimetry (8) and polarography (14). 

The organic chemist is interested in the sections on perfumes 
(33), peroxides and peroxy-compounds (30), pharmaceuticals 
(33), phenol and phenols (43), phenolic aldehydes and ethers 
(15), phosphorus compounds (16), phthalic acids (23), as well as 
many of the organic industrial items. The physical chemist will 
find sections on the phase rule (13), photochemistry (9) and pho- 
toelectric cells (23). The chemical engineer will refer to sections 
on pilot plants (15), plant layout (7) and location (10), as well as 
pipes and valves (13). 

The section on photography (42) will be read with interest by 
those amateur photographers who desire to know more about the 
scientific and technical background of film manufacture, develop- 
ment, and the photographic process in general. 

All of us are pleased that Volume X is not the end of E.C.T., 
but we are looking forward to the completion of this valuable ref- 
erence set. It is hoped that extensions and revisions of the orig- 
inal material are planned as a continuing program to better our 
chemical reference material. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Avstin, TEXxAs 


e WHAT IS SCIENCE? 


Norman Campbell, physicist. Dover Publications, Inc., New 
York, 1952. (Reprint of 1921 publication.) 192 pp. 13.5 x 
20.5 cm. Cloth $2.50, paper $1.25. 


2 MAN, THE CHEMICAL MACHINE 


Ernest Borek, New York City College, and Research Associate 
in Biological Chemistry, College of Physicians and Surgeons, 
Columbia University. Columbia University Press, New York, 
1952. xiv +219 pp. 14 X 22.5cm. §$3. 


THERE is no dearth of books intended to explain to the high- 
school student or college freshman the nature of science or of 
some particular science, hoping to attract the student to the 
science by showing him what to expect from it. Some are as 
fanciful as the Sunday supplement or as trivial as some advertising 
copy—others are on a more restrained and adult level. These 
two books are of the latter type. The first attempts to answer 
the question ‘“‘What is Science?” in part by asking and answering 
such other questions as ‘What is a ‘law’ of science?” ‘How are 
laws discovered, explained, used?” ‘“‘Whatisatheory?” ‘What 
is measurement?” Its thesis is that the fundamental aim of 
science is to satisfy our purely intellectual desires. ‘It has ap- 
plications to practical life, only because it is true; and its truth 
arises directly and immediately from its success as an instrument 
of intellectual satisfaction” (page 158). The same thread runs 
through Professor Borek’s book, but is embellished by many 
applications of biochemistry. The author refers to two stages in 
the development of biochemistry. The first stage is a descrip- 
tive biochemistry in which the principal task is to identify the 
molecules taking part in biochemical reactions. The second 
stage requires greater rigor, skill, and ingenuity and is concerned 
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with discovering the relationships between molecular structure 
and cellular function. If the first stage is a kind of “molecular 
anatomy” then the second is “molecular physiology.” Aj. 
though this book contains no chemical formulas, the author 
somehow convinces the reader that the future of biochemistry 
lies in ‘‘molecular physiology.” 

In the first chapter is an account of Wohler’s synthesis of urea, 
its historical background and its significance in initiating the 
science of biochemistry. Later chapters deal with enzymes, 
vitamins, sugars, the use of isotopic tracers, amino acids and pro- 
teins, the blood, the defense of cells against toxic substances and 
bacteria, genes and the chemical basis of heredity, and the chem- 
istry of nerve impulses. In a clear and easily followed style the 
author portrays the environment of biochemical investigation 
through an exciting and stimulating account of biochemical dis- 
coveries and their relation to each other. 

Of the two books, Mr. Campbell’s philosophical essay on the 
nature of science is the more mature and thought-provoking. 
Because of its comparative abstractness it is perhaps less suitable 
for beginners in science and of greater value in clarifying the 
thinking of those who already have some experience with one or 
several of the sciences. 


WALTER B. KEIGHTON 
SWARTHMORE COLLEGE 
SWARTHMORE, PENNSYLVANIA 


* KINETICS AND MECHANISM 


Arthur A. Frost and Ralph G. Pearson, Associate Professors of 
Chemistry, Northwestern University. John Wiley & Sons, Inc., 
New York, 1953. vii + 343 pp. 51 figs. 38tables. 15 x 23.5 
cm. $6. 


PROBABLY no branch of chemistry holds more industrial and 
scientific interest today than does chemical kinetics, the subject 
of this book. The conception of the equilibrium concentration 
of activated complexes crossing the barrier toward products 
(aside from the transmission coefficient effect) puts all of the 
methods of thermodynamics at our disposal. Such considera- 
tions are a central theme in the presentation. Although, in 
principle, the deduction of mechanism is possible from theory, in 
fact, it is usually arrived at only after much careful consideration 
of experiment. This procedure is well illustrated here. Enough 
experimental facts are usually given so that one gets a good pic- 
ture of the status of the particular reaction under consideration. 
The book is written judiciously with interesting new material. 
Such a treatment of chemical kinetics is a welcome addition to 
student, teacher, and research worker alike. 

HENRY EYRING 

UNIVERSITY OF UTAH 

Satt LAKE City, UTAH 


® THE BILE PIGMENTS 


C. H. Gray, Professor of Chemical Pathology, University of 
London. Methuen & Co., Ltd., London; John Wiley & Sons, Inc., 
New York, 1953. xv + 142 pp. 26 figs. 11 X 17cm. $1.75. 


“THE Bile Pigments” is another volume of Methuen’s mono- 
graphs on biochemical subjects which measures up to the high 
standard set in earlier members of this series. ‘These monographs 
demonstrate that it is possible to publish an adequate discussion 
of a biochemical topic in book form and at a cost which is not 
prohibitive to the average reader. In late years many fine scien- 
tific books, because of the expense involved, have been beyond 
the reach of many people who would like to own them. 

In the early chapters of the present volume the structure of 
bilirubin, biliverdin, urobilin, mesobilirubin, and other bile pig- 
ment derivatives are treated in detail. The brilliant synthetic 
work of Hans Fischer and his associates in Munich, to whom we 
are indebted for much of our knowledge of the chemistry of bile 





ocTo 


pigme! 
ments 
volved 
Wit 
the ca 
subjec 
globin 
origin 
arise f 
blood 
includ 
urine. 
All 
quent 
chemi 
pretat 
is hig) 
tions. 
probl 
the b: 
of me 
Th 
chemi 
relate 
(Chay 
lems 
in the 
bile ] 
meth 
Th 
of the 
their 
tions 
prob! 


Un 


Hen 
Colu 
York 
cm. 


D 
stud 
repr 
teac 
pref: 
yeal 
rend 
rem: 
cove 
read 
cons 
mat 
curt 
kno 
T 
seve 
hav 
Fac 
Alr 
ters 
cha 
cen 
ma 
7 

of | 
rec 
vol 





TION 


icture 
ocular 


uthor 
nistry 


urea, 
z the 
ymes, 
| pro- 
3 and 
hem- 
e the 
ation 
| dis- 


1 the 
king. 
table 
* the 
1e oF 


rs of 
nc., 


23.5 


and 
ject 
‘ion 
icts 
the 
-ra- 


, in 
ion 
igh 
vie- 
on. 
ial. 

to 





OCTOBER, 1953 


pigments, is carefully reviewed. The reactions of the bile pig- 
ments are discussed, especially the diazo reaction which is in- 
volved in the widely used van den Bergh test in jaundice. 

With this background, the author turns to a consideration of 
the catabolism of hemoglobin and the somewhat controversial 
subject of the mechanism of bile pigment formation from hemo- 
globin. Among other topics treated in the later chapters are the 
origin of urobilin, stereobilin, and other pigments that may 
arise from bilirubin; the form in which bilirubin arried in the 
blood during jaundice; and the significance of va. _.as derivatives, 
including dipyrry] compounds, that are occas’. ail found in the 
urine. 

All of these topics are of immediate medical interest and fre- 
quently are reflections of aberrations in metabolism affecting the 
chemistry of the prosthetic group of hemoglobin. Correct inter- 
pretation of chemical tests for bile pigments and their derivatives 
is highly important as an aid in diagnosis of pathological condi- 
tions. Much of the later part of the book is concerned with such 
problems. The author remarks that “ a stimulus is provided to 
the basic sciences by problems originating in the art and practice 
of medicine.”’ 

The reader will appreciate that many questions relating to the 
chemistry of the bile pigments and the origin and significance of 
related compounds remain to be answered. In the last chapter 
(Chapter XIT), Gray has outlined some of the outstanding prob- 
lems in this field. An appendix, which will be useful to workers 
in the laboratory, contains directions for the preparation of pure 
bile pigments, qualitative tests for bile pigments in urine, and 
methods for the determination of these pigments. 

This small volume gives a summary of the present knowledge 
of the chemistry of the bile pigments and a critical presentation of 
their physiological significance in normal] and pathological condi- 
tions. The author is an active research worker on bile pigment 
problems. 


F. A. CAJORI 
University OF COLORADO SCHOOL OF MEDICINE 
DENVER, COLORADO 


é CHEMISTRY OF FOOD AND NUTRITION 


Henry C. Sherman, Mitchill Professor Emeritus of Chemistry, 
Columbia University. Eighth edition. The Macmillan Co., New 
York, 1952. viii + 721 pp. 24 figs. 67 tables. 14.5 K 24.5 
cm. $6. 


Dr. SHERMAN’S book has served for decades in bringing up 
students of nutrition. Now appearing in an eighth edition, it 
represents, like its predecessors, an excellent contribution to the 
teaching of the elements of the field. The author states in his 
preface that “the present edition may be said to reflect forty 
years’ teaching experience and resultant perennial revision of the 
rendering of this subject.’’ The reader will find, despite the 
remarkable growth of nutritional science in the span of years 
covered by various editions of the text, that it still retains that 
readability and conciseness so essential for the student. Ample 
consideration is given the logical historical growth of the subject 
material, thus setting the book apart from a large number of 
current scientific texts which leave the impression that newer 
knowledge leaped forth full grown. 

The chapter headings remain the same as in the previous 
seventh edition (1946) with the exception that three new ones 
have been added: Folie Acid, Vitamin By, and Citrovorum 
Factor; Trends in Food Consumption; and Improvement of 
Already-normal Nutrition. As each new edition finds new chap- 
ters added it can be hoped that a future edition will carry some 
chapter on the use and misuse of vitamin capsules, pills, and con- 
centrates. Wise, authoritative council in this controversial 
matter would be most helpful for students of nutrition. 

The appendix with its compilations on nutritional composition 
of food materials has been revised to include newer values from 
recent official and independent publications. Although the 
volume is designed as a textbook its value to all workers in nutri- 
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tion is greatly broadened by the inclusion in each chapter of well- 
balanced bibliographies. These represent a gold mine of informa- 
tion on both old and new publications relating to the various 
topics. 


ELIOT F. BEACH 
METROPOLITAN Lire INSURANCE COMPANY 
New York, New York 


« PROGRESS IN THE CHEMISTRY OF FATS AND 
OTHER LIPIDS. VOLUME 1 


Edited by R. T. Holman, University of Minnesota, W. O. Lund- 
berg, University of Minnesota and T. Malkin, University of 
Bristol. Academic Press, Inc., New York, 1952. 186 pp. 25 
figs. 16 X 24.5cm. $7. 


Tuis is the first volume of a series to be published in which a 
critical survey of the rapidly expanding subject of the lipids will 
be presented. The contributions were intended originally for a 
new edition in English of Hepter-Schoenfeld’s ‘(Chemie und 
Technologie der Fette und Fettprodukte,” a project that had to 
be abandoned due to the death of Dr. Schoenfeld. 

The present volume contains five sections: ‘The molecular 
structure and polymorphism of fatty acids and their derivatives’’ 
by T. Malkin, “‘Sterols’”’ by W. Bergmann, ‘Structure and proper- 
ties of phosphatides’”’ by P. Desnuelie, ‘(Chromatography of fatty 
acids and related substrates” by R. T. Holman, 2nd ‘Derivatives 
of fatty acids” by H. J. Harwood. In each of these sections the 
material has been presented in the form of a review including 
the historical development of the topic. This will appeal to the 
general reader interested in the work that has led to our present 
knowledge of various parts of lipid chemistry. However, the 
authors have not hesitated to discuss in detail highly technical 
phases of the subject which will make the book of particular 
value to the research worker and specialist in the lipid field. 

The subject matter in the reviews conforms to the title of the 
book in that it is devoted strictly to the chemistry of the lipids. 
No attempt has been made to consider the biochemical aspects 
of the subject or the changes that fats and lipids undergo in 
living organisms. From the presentation of the material in the 
present volume, one can assume that the completed series will 
embrace an exhaustive and thorough treatment of the chemistry 
of this highly diversified and important class of natural products. 
The technological aspects of the subject will be considered in a 
forthcoming Progress Series. 

Occasional typographical errors may be encountered (for 
example on page 145) but in general the book seems to be free of 
errors and the format is satisfactory. 


F, A. CAJORI 
UNIVERSITY OF COLORADO SCHOOL OF MEDICINE 
DENVER, COLORADO 


* CRIME INVESTIGATION 


Paul L. Kirk, Professor of Biochemistry and Criminalistics, 
University of California, Berkeley, California. Interscience 
Publishers, Inc., New York, 1953. xxii + 784 pp. 16 X 23.5 
cm. $10. 


Tuts book consists of 57 chapters the first 35 of which are de- 
voted to “‘Physical Evidence in General Criminal Investigations”’ 
followed by 22 devoted to ‘General Laboratory Operations.”’ 
Each chapter is followed by a list of references which appear to 
be very well chosen and comprehensive. Without question this 
is the' best book of its kind that has yet appeared. As stated 
by the author it is not intended as a guide for specialists but 
“rather with the needs of police investigators, general criminalists 
in the smaller police laboratories, and students of criminalistics 
and police science in mind.” Specialists in the various fields, 
such as firearms investigators, document examiners, finger- 
print experts, etc., may feel that the discussions in their particu- 
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lar fields are inadequate—but these individuals are not the ones 
for whom the book was written. 

In addition to the technical discussions, which in general are 
excellent, there are chapters on the Relation of Probability to 
Physical Evidence, Training and Extent of Criminalistics, and 
The Expert Witness, all of which are interesting and valuable. 
The advice for the expert witness, if followed, will save him much 
embarrassment. To the list of subjects recommended as neces- 
sary training the reviewer would add a comprehensive course on 
applied microscopy, since the microscope is the most indispensable 
tool of the scientific crime investigator. The author does stress 
the importance of microscopy. His chapters on Equipment for 
Investigation and The Laboratory, Its Design and Operation 
will be very helpful to those who are starting new laboratories 
not only because of the valuable advice but also as substantial 
argument for adequate financial support for equipment and 
maintenance. State and muncipalities should not undertake to 
develop such laboratories unless they are prepared to give con- 
tinued financial support, not only for equipment but, more im- 
portant, for the payment of salaries which will attract and hold 
competent investigators. 

The range of subjects covered is so large that even an enumera- 
tion of them is impractical here. The typography is excellent, 
with but few typographical errors, the illustrations are good, and 
the book is very readable. It can be read with profit and under- 
standing by anyone who has a speaking acquaintance with the 
basic sciences. The reviewer finds little to criticize since he 
realizes that the book is for the uninitiated. He does, however, 
take exception to one statement where, in discussing the dermal 
nitrate test, the author ends a fairly good discussion of the earlier 
form of the test with the statement that, “It must be remembered 
that washing the hands before applying the paraffin gauntlet 
(sic) will effectively remove any test which would otherwise 
have been found.”’ Asa matter of fact repeated washings over a 
period of at least three weeks do not necessarily remove the par- 
ticles of nitrate embedded in the skin. Furthermore, the test is 
made more reliable if the hands are washed before the paraffin 
is applied, since this will remove surface nitrates that may be 
present from other causes and whose presence might interfere 
with the true nitrate test which is concerned with particles that 
have become embedded in the skin because of the force of the 
explosion. However, among the thousands of true statements 
made in this excellent book at least one questionable one should 
be permitted. 


J. HOWARD MATHEWS 
UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 


e ORGANIC CHEMISTRY 


Ray Q. Brewster, Professor of Chemistry, University of Kansas. 
Second edition. Prentice-Hall, Inc., New York, 1953. xii + 
855 pp. 29 figs. 45 tables. 16 X 23.5cm. $7. 


Tuis is a text for a full-year course. 
aromatic compounds separately. 

The first edition of Brewster’s text gained wide recognition for 
its extensive reference to mechanisms in discussing fundamental 
reactions. It was a pioneer, entering an area in which there were 
few examples to follow, in which the pitfalls were not marked. 
The number of its followers is a tribute to the quality of the trail 
which it blazed. 

Now, five years later, the pioneering stage has been passed. 
Now it is time, though we may be pleased by the general direction 
of the trail, to expect that some of its rough spots be smoothed, 
its hairpin turns be straightened, and its steep grades be mod- 
erated. Unfortunately Brewster offers, in this new edition, es- 
sentially the same pioneer trail. 

More specifically, one would have wished that the somewhat 
awkward expositions of certain theoretical points had been re- 
placed by smoother, less complicated discussions; indeed, some 


It treats aliphatic and 
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passages even tend to give erroneous impressions (for example 
the discussion of nucleophilic displacements in alky] halides 
page 96, infers that all such reactions proceed by the Sy2 mecha. 
nism). Again, one would have wished that a better balance of 
emphasis between mechanisms and classical organic chemistry 
had been attained; for example, the importance of halogen addi. 
tion to olefins in preparative and analytical work continues to be 
obscured by a long-winded discussion of the mechanism of such 
reactions. Further, one would have wished that modern cop. 
cepts of reaction mechanisms had been introduced in certain chap. 
ters which are rather old-fashioned; for example, chapter 25 (Aro- 
matic Nitro Compounds) fails to mention the well-established 
mechanisms of aromatic nitration and fails, in connection with 
reactions of chloronitrobenzenes with ammonia, sodium ethoxide, 
etc., to identify these reactants as nucleophilic reagents, though 
this term is used extensively earlier in the book. 

A modern point of view is also lacking in parts of chapter 20 
(Amino Acids and Proteins). The valuable and significant tech- 
nique of enzymatic resolution of amino acids is not mentioned, 
modern methods for the synthesis of peptides do not appear, and 
the chapter fails to convey the enormous importance of proteins 
in life processes and the enormous difficulties of working with 
them. 

Certain features of the new edition represent a distinct advance 
over the old. There are approximately twice as many problems 
at the end of each chapter. A chapter on organometallic com- 
pounds has been added. And in numerous places small changes 
in content or phrasing have been made. 

No textbook is perfect. The teacher always finds it necessary 
to add here, to omit there. Those who found the first edition of 
Brewster’s text convenient to teach from will like the new edition 
better. Those who tried the first edition and then looked else- 
where will probably not be attracted back by the second edition. 


JOSEPH F. BUNNETT 
UNIVERSITY OF NORTH CAROLINA 
Cuapet Hitt, NortH CAROLINA 


* AN INTRODUCTION TO STATISTICS 


Charles E. Clark, Associate Professor of Mathematics, Emory 
University. John Wiley & Sons, Inc., New York, 1953. x + 266 
pp. Illustrated. 15 X 23.5cm. $4.25. 


Tuts book is an elementary introduction to modern methods 
of statistical inference from samples, intended for workers in 
any field in which these methods may be applied. The author 
intends to presuppose a minimum of mathematical training and 
maturity, and in fact scrupulously minimizes even elementary 
algebraic manipulations, and touches no concept of calculus, or 
of analytics, except that understanding of Cartesian coordinates 
is assumed. The expository style is, however, conventionally 
mathematical and seems to this reviewer to lack a corresponding 
forbearance. Abundant use of letter symbols, references to 
previous equations, theorems, sections, and the like, may well 
give a mathematically inexperienced reader an unwarranted 
feeling of being in too deep water. 

The subject matter of the book, however, is very well chosen 
and amply illustrated by numerical examples. There is a brief 
introductory discussion of permutations and combinations, and 
probability concepts. The rg portion of the text treats t 
tests, analysis of variance for ince attribute, and chi-square 
tests, with clear emphasis on ti'* underlying concepts of sampling 
distributions and confidence limits. The final chapter deals in & 
simple way with product-moment correlation and linear regres 
sion. Much problem material is included; the answers and solu- 
tions for odd-numbered exercises alone cover 34 pages. Six 
numerical tables make the book self-sufficient in this regard. 

PHILIP RUDNICK 


Scripps INSTITUTION OF OCEANOGRAPHY 
La JoLua, CALIFORNIA 
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Tested for 20 years—Available now for general use 


A MANUAL for the ORGANIC CHEMISTRY LABORATORY 


By Leigh C. Anderson, and the late Werner E. Bachmann, both of the University of Michigan. Here 
is a remarkable laboratory manual, designed to acquaint the beginning student with the specific 
experimental procedures necessary for a complete understanding of basic organic chemistry. The 
outgrowth of more than 20 years of pre-testing in undergraduate university classrooms, this manual 
has been checked and rechecked in actual laboratory application. It provides the theory and experi- 
mental data needed to perform more than 60 experiments with aliphatic and aromatic substances 
representative of the important classes of organic compounds. Flexibly written, it can be used with 
any text recommended for the lecture portion of the class. Each experiment included contains 
equations, directions, and discussions of the principles involved. General laboratory procedures are 
outlined, with reasons and precautions where necessary, so that the student will understand exactly 
what is being done. 

1953. 164 pages. Probably $2.00 







































Practical Methods of Temperature Measurement Stressed 


TEMPERATURE MEASUREMENT IN ENGINEERING, Volume I 


By H. Dean Baker, Columbia University; E. A. Ryder, United Aircraft Corp.; and N. H. Baker, Columbia 
University. Distinguished from all other books on the subject by its emphasis on a practical approach, 
this is the first volume of a two-part work. It provides, in convenient, non-mathematical form, all 
the engineering information needed to measure temperature. The authors include all the details 
essential to actual execution, avoiding unnecessary background theoretical material. They provide 
a list of possible techniques for each measurement problem, methods of analysis, and a survey of 
previous solutions. They then indicate what information is needed and offer a well-developed 
procedure of general application. 


1953. Approx. 178 pages. Probably $3.75 


Newest Addition to a Famous Chemical Series 


Volume 33 of ORGANIC SYNTHESES 


Edited by Charles C. Price, University of Notre Dame. With the publication of Volume 33, another 
competent work is added to the Organic Syntheses series, familiar to students and practicing laboratory 
chemists the world over. The purpose of the series is to bring out annually in book form, interesting, 
valuable, and general preparations for a variety of organic compounds and to provide a practical 
guide to the solution of specific synthetic problems. This latest volume in the series contains experi- 
mental data and procedures for forty compounds and draws upon the experience of 64 contributors. 

1953. 115 pages. $3.50. 


An up-to-date Manual of Electroplating 
MODERN ELECTROPLATING, Second Edition 


Edited by Allen G. Gray, Technical Editor, STEEL magazine; M. L. Holt, University of Wisconsin, As- 
sistant Editor. This book is the only source of up-to-date electroplating practice which emphasizes, 
in addition to the practical aspects, the basic theory as it is known today. Written by experts, it 
is a completely modernized revision of the Electrochemical Society’s earlier Modern Electroplating. 


includes virtually a// of the current practices; each completely and thoroughly described, even to 
analytical control of the solution—plus the theory underlying each. 
In addition, the book presents a chapter on the uncommon metals and considers the problem of 
plating on aluminum and magnesium. 
1953. Approx. 563 pages. Probably $7.50 


Forthcoming — A New METHUEN MONOGRAPH 
CHEMISTRY OF THE DEFECT SOLID STATE 


By A. L. G. Rees, Commonwealth Scientific and Industrial Research Organization, Australia. 
1953. In Preparation 
Send for on-approval copies 


JOHN WILEY & SONS, Imc., 440-4th Ave., New York 16, N. Y. 
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The new WACO is faster... 
more power for quicker starting. Inter- 


has a little 


changeable holders for 75 mm. or 100 
mm. test tubes. It's SAFE for student use! 


No. CE-2314-M. WACO Separator. 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test Each $45.25 
tubes (other selection is permitted). 














































NO WAITING 


The tenth student need not wait ten minutes 
. the WACO permits quick stopping 
through slight palm pressure! 
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At the price, they class as “Non-Returnables”! 


HAND FINISHED Spatulas, perfectly shaped for Semi Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as scratching is eliminated 


No. CE10-7027. WACO Monel Spatulas,175 mm. long, blade 23 X 5 Parts per million—not per cent or 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 
Bottom rounded. In 100 lots. .20 each $2.50 per doz. one-tenth per cent—are used in the factory 















adjustment of beams of reliable 


RED STYRENE Ainsworth Balances. 


PLASTIC 


a... ft Their mechanical accuracy gives 
TRAYS you a laboratory tool with very high ratios 
of capacity to sensitivity, and capacity 
for 
Semi-Micro to overall accuracy. 
Bottles 


Gravimetric methods are fundamental 


SPECIFY AINSWORTH 
No. CE10-7905. WACO Plastic Tray. For 14 Dropper Bottles 15 ml.60¢ 


No. CE10-7905-B for 12 bottles, 30 mi. Each...... 60¢ Balances and Weights 
* CURRENT LISTING of apparatus for use with text- 


book ‘‘Semimicro Laboratory Exercises in High 
School Chemistry” by Fred T. Weisbruch, S.M. This 


4 page listing makes ordering easy........... F 
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LABORATORY SUPPLIES AND CHEMICALS 


DIVISION ST CHICAGO 51 ILLINOIS 
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New Infrared Microscope 


A new microscope attachment for infra- 
red spectrometers that gives infrared 
spectra of a single crystal, a single fiber 
and microscopic tissues, is now in produc- 
tion at The Perkin-Elmer Corp. With its 
use, infrared spectra have been obtained 
on single textile fibers less than seven ten- 
thousandths of an inch in diameter (17 
microns). The synthetic fiber industry, 
as well as chemical and medical research, 
has wide application for such a device. 

The microscope attaches directly to any 
Perkin-Elmer Single Beam Infrared Spec- 
trometer. The optical system is made up 
entirely of reflecting elements, so that it is 
free of chromatic abberation. It is 
equipped with coarse and fine focusing ad- 
justments for positioning the sample and 
with an adjustable diaphragm which re- 
stricts the field of view precisely to the 
area covered by the sample. The optical 
path may readily be flushed with dry nitro- 
gen to reduce the carbon dioxide and water 
vapor absorption bands on the infrared 
spectra. The microscope is so designed 
that only radiation that has passed through 
the sample reaches the thermocouple. A 
complete spectrum can be recorded in 
about 20 minutes. 

Complete details are available from The 
Perkin-Elmer Corp., Norwalk, Connecti- 
cut, 








Chart of the Isotopes 


A color-coded chart of the isotopes has 

just been published by Harshaw Scien- 
tifie, Division of the Harshaw Chemical 
Co., Cleveland 4, Ohio. It was compiled 
and edited by John R. Bradford, Director, 
Radio Isotope Laboratory, Case Institute 
of Technology. 
S The chart is designe and lithographed 
in ten colors to make possible rapid identi- 
fication of isotope half-life and nuclear 
stability. 

More detailed information is available 
al from Harshaw Scientific. 


Universal Stirrer 


The new Eberbach “Universal” Stirret 
tan be employed in many positions be- 
cause of a double swivel clamp with an 
easy-operating hand wheel lock. Quiet- 
operating, with speeds up to 5000 r. p. m., 
this '/;5 hp. stirrer offers maximum 
torque at various speeds by employing two 
output shafts, one being driven through a 
garreducer. Ventilated rheostat housing 
also serves as a clamp to mount on the 
special support. This heavy duty support 
consists of a */,-in. rod on a 13-lb.base de- 
| signed so a 12-in. cylindrical container can 

be placed close to the rod; the base has 
four additional threaded holes for extra 
z support rods. Complete information con- 











tained in bulletin 480 from) Eberbach 
Corp., Ann Arbor, Michigan. 


New Pipet 


A new pipet with a built-in constriction 
designed to facilitate use of the conven- 
tional cotton plug for the protection of 
both laboratory workers and the solutions 
and cultures with which they work, has 
been developed by the Kimble Glass Co., 
a subsidiary of Owens-Illinois Glass Co. 


Based on a suggestion by Dr. H, Gilbert 
Crecelius, Director of Laboratories of the 
Arizona State Dept. of Health, the con- 
striction is placed near the mouth-end of 
the pipet. Although large enough for 
easy cleaning, the constriction permits use 
of the cotton plug without risk of it slipping 
into the body of the pipet. 

The cotton plug serves a dual purpose. 
It provides a safeguard for the laboratory 
worker pipeting solutions containing harm- 
ful bacteria. It also prevents contamina- 
tion of solutions or cultures by bacteria 
from the breath of the operator. 

The new pipets are now available in 
laboratory supply houses and compare in 
price to standard pipets. 


Glass Metabolism Cages 


Wakefield Industries, Ine., Skokie, 
Illinois, has announced a complete line of 
vlass metabolism cages for use in the 
metabolic studies of carbon-14 labeled 





By any standard of com- 
parison Tygon flexible-plastic 
Laboratory Tubing stands 


head and shoulders above the crowd. It is clear, for solution 
visibility; flexible, for ease in handling; tough for extra long life. 
It is chemically inert, and non-toxic. And available in a range of 
sizes to meet every laboratory need. 


In performance records made 
technicians everywhere .. . 


. . in opinions of laboratory 
it is tops. 


AT YOUR LABORATORY SUPPLY DEALER OR WRITE 


THE U. S. 
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EBERBACH LABORATORY SHAKERS 


The utility box carrier on the variable speed power unit 
shown here is a most versatile laboratory shaker. Various 
size and shape containers (even a 5-gallon bottle as illus- 
trated) are held securely by the rubber-covered sliding bar 
clamps. Speeds between 100 and 300 oscillations per min- 
ute. Interchangeable carriers for flasks are available. 
Durably built and attractively finished, Eberbach labora- 
tory shakers are quality machines. Our Bulletin 100-H 
illustrates and describes the entire line of shakers in detail. 
Write for a copy today. 
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Indispensable 
for the future... 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The 
Mainstay Of Science 


The workshop for scientific discoveries is an invest- L A & 0 a AT 0 = Y e U R , | T U RE 


ment for the future. 


Indispensable for the future is insurance that today’s COMPANY, INC. 
capital investment will give you the greatest returns 
in accomplishment and production. MINEOLA, LONG ISLAND, N. Y. 
STEELAB laboratory furniture, planned, designed Agents in principal cities 


and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 
toward guaranteeing that future. 

Over 45,000 installations attest the demand for Send for your REVISED edition of 
STEELAB furniture in the fields of industry, educa- the STEELAB catalog. 
tion, medicine, government and research. 
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compounds. The Roth Metabolism Cage cept in balances, is fully illustrated in the ment—are cross-indexed to special bulle- 


is available in a small size for mice and a manual. Comprehensive diagrams and tins on the respective products. This adds 
large size for rats. Other designs and sizes photographs describe the many unusual to the value of Catalogue No. 16 as a 
may be built to desired specifications. features of the Universal Balance, includ- source reference. 

The Roth Metabolism Cages are de- ing the beam and projection systems, weigh Copies of Catalogue No. 16 may be ob- 
signed for collectigg urine volumes and operation, compensating stirrups. tained by request on your business or pro- 


expired air from rats and mice injected fessional letterhead. 


@ A new catalogue, No. 16, on Labora- 


with radioactive labeled compounds. They tory Equipment and Supplies is announced @ A new 16-page catalogue which illus- 
provide a method of vr gunnewentes feeding by The Denver Fire Clay Co., 2301 Blake trates and describes in detail the JAco line 
with a minimum of food contamination in St., Denver 2, Colorado. This 764-page of grating spectrographs is now available 
the cage when a hard stick of food is used book has specific value for any labora- from Jarrell-Ash Co., Newtonville, Massa- 
in the feeder. Ration pellets are pulver- tory—industrial, clinical, research, edu- chusetts. 
ized and mixed with enough raw cag % cational, ete. Included in the publication is technical 
bind it into an appropriate stick and Lines of DFC manufactured products — information on all standard JAco Spectro- 
then baked. not properly included in a catalogue of graphs including the 3.4-meter, the 2.5- 
Laboratory Equipment and Supplies— meter, and the 5.5-meter adjustable types 
such as heat-treatment furnaces, industrial and the 3.4-meter and 1.5-meter fixed 
gas or oil burners, industrial furnaces, position spectrographs. Other sections of 


ceramic kilns, and metallurgical equip- the catalogue cover accessory equipment, 
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For further information, including draw- 
ings, write Dept. WPF-9, Wakefield In- 
dustries, Inc., Skokie, Illinois. 


New Chemicals Available 


@ Bios Laboratories, Inc., 17 West 60th 
—— Street, New York 23, New York, an- 
—— nounces the availability of the following 
new chemicals: 2,2’-Biquinoline (2,2’- 


Diquinoly]), M.W. 256.3; Bixin (Nor- | modern 














New Laboratories of Froedtert Grain 
and Malting Co., Milwaukee, Wis. 
are Kewaunee equipped. 


bixin Methyl Ester), M.W. 394.5; Caffeic 

Acid (3,4-Dihydroxycinnamic Acid), M.W. | l a b orator y } 

180. 15; Cholestery] Oleate, M.W. 651.1; equipped by You will always be proud to show your Kewaunee 
Coumarone (Benzofuran), M. W.. 118.1; Laboratory Equipment to plant visitors. Kewaunee 
1,1’-Dianthrimide, M.W. 429.4; Isoascor- 4 E W A U N E E pieces reflect, in every detail of modern design 


bic Acid, d(-); M.W. 176.1;  Purpuro- 
gallin (Pyrogalloquinone), M.W. 220.1; 
2-Pyridoin (a-Hydroxy-s-Keto-Dipyridy] 
Ethane), M.W. 214.4; Xanthosine (Xan- 


and painstaking workmanship, the pride of crafts- 
men who have produced finer Laboratory Equip- 
ment for more than 40 years. 


thine-9-Ribofuranoside), M.W. 284.3. When you choose Kewaunee, you will be proud to say to 
4 ; : your guests, ‘‘Step in” and there before their eyes you will 

* Schwarz Laboratories, Inc., 230 Wash- register strong proof that in the making of your product 

ington St., Mt. Vernon, New York, an- 

nounce that they can now furnish any de- 

sired quantities of L-amino acids includ- * 

ing L-Arginine, L-Aspartie Acid, L-Glu- Qua ] ity 1S WATCHED AT EVERY STEP 

tamic Acid, L-Histidine, L-Lysine, L- 

Phenylalanine, and L-Tyrosine uniformly Qu ai | ity IS CONTROLLED AT EVERY STAGE 

labeled with C1, The specific radioac- - 


tivity for these amino acids is about 0.1 
nillicurie per milli > . 
curie per millimole. If you want to put new cheer in your laboratory crew— 
New Literature and new creative laboratory achievements in your com- 
t @ Laboratory Construction Co., 1115 pany’s record book, equip with Kewaunee. 
Holmes St., Kansas City, Missouri, offers 
free a six-page bulletin featuring a pic- 
torial tour of the new Department of 


Catalogs sent free on request. State 
whether interested in wood or metal. 


Agriculture Laboratory, State of Colorado, Remember, too, that Kewaunee’s experienced Laboratory 
at Denver. Illustrates latest design in Engineers are available for consultation without charge to 
Specialized furniture and equipment for give you a laboratory—more modern—more functional— 
this type laboratory. more convenient—and more lasting in service. Write— 


@ A manual explaining the new Universal 
Balance has recently been published by 
the manufacturer, Voland & Sons, Inc., 32 
Relyea Place, New Rochelle, New York. J. A. Campbell, President 

This new instrument, which the manu- 5014 South Center Street * Adrian, Michigan 
facturer claims is a completely new con- Representatives in Principal Cities 
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information on the production of the dif- 
fraction gratings used in JAco Spectro- 
graphs, suggested spect rographic labora- 
tory layouts, and a brief description of 
accessory and complimentary instruments 
which are manufactured by Jarrell-Ash. 

A copy of Catalogue G2-53 is available 
by writing Richard Ashley, Vice-President, 
Jarrell-Ash Co., 26 Farwell St., Newton- 
ville, Massachusetts. 

@ Complete information on the use of 
ash-free, dry-dispersed analytical filter 
pump as a filtration aid is now available 
from Carl Schleicher & Schuell Co., 
Keene, New Hampshire, manufacturers of 
analytical filter papers. Request Bulletin 
No. 68. 

@ A newly published 48-page Burrell 
Catalogue lists and describes equipment 
and accessories for gas analysts, 

The new book outlines methods in brief, 
lists many different models and types of 
apparatus, and offers aid for their proper 
selection. All major items are described 
in detail and are clearly priced. 

Five pages are devoted to laboratory 
models of gas analyzers which include 
Burrell’s build-up design as well as cabinet 
models. Another section of 10 pages de- 
scribes many different portable types. 

Listed accessories for gas analysts in- 
clude reagents and solutions, manifolds, 
burets, pipets, oxidation equipment, sam- 
pling tubes, and parts and accessories for 
Burrell] apparatus. 

Copies are free on request. Write 

Burrell Corp., 2223 Fifth Ave., Pittsburgh 
19, Pennsylvania. Ask for Burrell Cata- 
logue 81. 
@ A new four-page catalogue illustrates 
and describes the complete line of Metal- 
smiths Stainless Steel and Monel Utensils, 
including pails, dippers, funnels, scoops, 
measures, starch buckets, batch cans, dip- 
pers, beakers, and shovels. Latest prices 
are shown, together with information on 
special items -and fabricating services. 
Available from Metalsmiths, Division of 
Orange Roller Bearing Co., Inc., 560 White 
St., Orange, New Jersey. 


@ “Nephelometry, a Short Cut to Preci- 
sion Chemical Analysis” is a booklet that 
explains in simple diagrams how a nephel- 
ometer works by measuring light reflected 
from particles in suspension. It also 
shows why the Coleman Nephelometer 
can eliminate 5 out of 7 steps necessary to 
haze or turbidity measurements. Only 
preparation and precipitation of the sample 
is needed, no filtering, washing, drying, 
cooling, or weighing is required to get 
exact haze data. Copies of the booklet 
may be had from Department B, Coleman 
Instruments, Inc., Maywood, Illinois. 


@ The growing importance of instrumen- 
tation to nearly every modern industry, 
large or small, is dramatized by actual case 
histories appearing in the latest Beckman 
Bulletin, house magazine of Beckman 
Instruments, Inc. Featured in this new 
issue is a colorful story of “seagoing” 
Sspectrophotometers and pH meters 
utilized in far-flung expeditions by Scripps 
Institute of Oceanography. Copies of this 
informative 8-page magazine can be ob- 
tained from Beckman Instruments, Inc., 
South Pasadena 1, California, through re- 
quests for BB-1 1-36. 











Lo-Flow 


ROTA-KIT° 


the Compact Self-Contained Flow Test Kit 
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low flow rates from 10cc/min. to 40,000cc/ 
min. for gas, and 0.1cc min. to 1,400cc/min. 
for water. 


Maximum Corrosion Resistance 
All wettable parts in fluid contact are glass, 
stainless steel or teflon. 


Outstanding Accuracy 
eliminates need of recalibrating all meters 
in case of tube breakage. Floats and tubes 


are interchangeable within plus or minus 
2% for a given tube size. 


Utmost Conuenience 


Tubes are readily interchangeable with the 
one backplate. 


Real Economy 


Price on single units is low. There is a 
liberal, quantity discount schedule. 


includes four pyrex and four stainless steel 
floats, together with eight calibration curves 
tor air and water to act as a guide for in- 
dividual calibration. Also included are 


specific gravity curves for liquids and gases 
and temperature pressure curves for gases. 


Dual Float Principle 


Pyrex and stainless steel floats accompany 
each tube. Difference in float gravity pro- 
vides technique for wide range in any given 
metering tube without changing or substi- 
tuting floats. 


All components packed in Attractive, Du- 
rable Plastic Kit. Entire assembly mounts in 
square base stand with adjustable lock 
screw. 


AVAILABLE FROM STOCK — Price $120.00 


For Further Data 
and DISCOUNT SCHEDULE 
Write Dept. ARK-D. 


ome 
~s 


@ INCORPORATED 


NEW JERSEY 
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Parr oxygen bombs and bomb calorimeters play a leading 
part in the analysis and testing of solid and liquid fuels 
and other combustible materials. Weighed samples are 
burned in compressed oxygen without loss of combustion 
products, Calorific measurements are made using either 
the Series 1200 adiabatic calorimeter or the Series 1300 
plain calorimeter illustrated. Analyses for sulfur, chlorine 
and other elements are made with any of five different 
Parr oxygen bombs: 


A. No. 1102 single valve, self sealing, 360 mi. 

B. No. 1101 double valve, self sealing, 360 mi. 

C. No. 1002 double valve, manually sealed, 380 mi. 

D. No. 1104 double valve, high pressure, self sealing, 
240 mi. 

E. No. 1103 single valve, micro, self sealing, 50 mi. 


Write for Price List No. 52-1 covering all Parr combustion 


bombs, calorimeters and accessories, including replace- 
ment parts. 





ey 
‘,...can add sparkle to your teaching. * 


THE CHEMIST 
AT WORK = 


Roy I. Grady 
John W. Chittum 
and others 


Fully seventy-five per cent of the “voca- 
tional problem” involves choice of work 
that one can enjoy doing. 


Although much has been written about 
chemistry’s role in modern life, there is 
almost nothing available about what the 
chemist himself actually does and how he 
does it. To fill this gap, fifty-three prac- 
ticing chemists—selected to ‘represent as 
many different degrees of attainment as 
possible—were asked to describe briefl 
the general nature of the activities in whic 
they are engaged, and the particular duties 
which they perform. 


Some of these chemists have spent a life- 
time in the profession; others have been 
graduated from college only a few years. 
The comprehensive picture which they 
present in this book shows the duties, 
problems, and daily routine in a great 
variety of chemical fields; it depicts the 
tedious drudgery as well as the pleasant 
and stimulating features. Salaries and op- 

ortunities for advancement are also shown 
in this cross-section of working conditions 
within the profession. 


A book that can add sparkle to your teaching. It 
brings information of such great value to your students 
that it could well be required reading.... Authentic, 
factual accounts of the work of chemists employed in 
as many different fields, written by persons who are 
actually doing the work they describe... in glass, 
metals, sugar, ceramic, canning, petroleum, and 
many other industries. Opportunities for the trained 
chemist in education, research, invention, in the 
literary field, in government laboratories, and in 
medical technology are discussed. The place of 
women in chemistry is given special attention. This 
book could well be required reading for teachers too. 

—The Science Counselor 


A few hours with this book give a broader outlook 
on the whole profession... . Each author is qualified 
by experience and training to relate the various 
activities connected with his work. ... Probably the 
best use to which it will be put is the guidance of girls 
and boys who must make their own plans and deci- 
sions concerning a profession. 

—Chemical and Metallurgical Engineering 


THE CHEMIST AT WORK should be in every 
school library for more complete and helpful 
vocational counseling. 





SClEl 





INSTRUMENT COMPANY 


MOLINE, ILLINOIS Illustrated, 354 pages 





$3.00 () 
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NYLAB 


SCIENTIFIC INSTRUMENTS ceed APPARATUS © 








For SPEEDY, PRECISE WEIGHING ... 
NO LOSS IN TRANSFERS— 
Place material to be weighed in covered-front 


and/or open-rear sections. Complete transfers 
easy—tinse material directly through funnel tip 


into receiver. Stable, flat base. . . lightweight. 

Catalog No. | Diam. (mm) |Length (mm)}) Paice, dozen 
12803 15 4 | 950 
12804 | 25 65 10.50 
13.50 


12805 38 100 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes 





Polyethylene "Police Rods” 








% 
G 
FOR ALL STIRRING 


One piece molded, flexible, chemically inert 
polyethylene rods are unbreakable, can be bent 
to angle required. Thin paddle ends may be 
trimmed with scissors. Usable for short periods 
at temperatures up to 100°C. Wire stiffened. 


Approximate Price, 

Catalog No. overall length dozen 
77520 6 in. 3.75 
77523 9 in. 4.75 


Discount of 10% om gross lots 


Catalog No. 7 


For EASY 
ORDERING of 
all LABORATORY 
NEEDS— 





instru- 


Latest 
Handy cross-reference 
Over 3500 clear, factual illustrations 
Items separately num- 
tinted on heavy stock, bound in 
durable Fabrikoid. 


Comprehensive, 
ments and apparatus. 
section. 

descriptive material. 
bered. 


Casy-to-use. 


TO GET YOUR COPY: Write today on company or 
mstitution letterhead giving name and title. 


NEW. YORK. 


2? 
(WOU OtY YY 
IMP AN . N 4 





KEY TO ALL 


LABORATORY SUPPLIES 


Please mention CHEMICAL EDUCATION when writing to advertisers 


76 Varick Street, New York 13, N. Y 


Telephone: CAnal 6-6504 
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WHATMAN 
Filter Papers 


and 
Cellulose Powders 


for 


CHROMATOGRAPHY 


The widespread adoption of the 
techniques of Paper and Column 
Chromatography, as well as paper 
Electrophoresis, has been one of the 
outstanding developments of Analyt- 
ical Chemistry during the past few 
years. 


WHATMAN Filter Papers in sheets, 
rolls, strips and circles are now widely 
used in the separation of amino acids, 
sugars, tannins, inorganic constituents, 
etc. 


A more recent innovation is the use 
of WHATMAN Cellulose Powders for 
column chromatography which per- 
mits separations of much larger sam- 
ples. 


A circular is now available that 
should be of inestimable value to 
anyone initiating work in these fields 
and which should also prove useful to 
more seasoned workers. A copy will 
be sent on request to 


H. REEVE ANGEL & CO., INC. 


52 Duane Street New York 7, N. Y. 


Remember, for gravimetric analyses, WHAT- 
MAN Filter Papers washed in HCI and HF 
are the standby of experienced analysts.’ 
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Add this beautifully illustrated book to your chemistry library ,, 


The CHEMICAL ARTS 
of OLD CHINA - E 


by | 
Li Ch’iao-p’ing | 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


















Sweeping the salted ash in. 
to heaps after the sea wate 
has evaporated. 
If you are a lover of beautiful books—and 


a chemist besides—you’ll want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


inciuded in Zhe Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 


leather and glue, soybean products, al- Working the drainers for 






the preparation of concen- 


coholic beverages and vinegar... plus an . 
‘rated brine. 


appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 
and measures. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 


Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of Zhe Chemical 
Arts of Old China, and to your reading 
pleasure. 

229 pp. $5.00 (postage prepaid) 


($5.50) Foreign 





Final crystallization of the 
salt. 


Order your copy today from 


CHEMICAL EDUCATION PUBLICATIONS —s 


2077 NortHampron St Easton, Pa 





> 
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Ij 13/77 
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2x- 
_ DRIERITE 
FG — 
ate Ti, HAMAR 
FCM aH AAEN 
2405: Gein eho S38v9- Bata 4 


“The Versatile Desiccant” 
For Drying 
SOLIDS —LIQUIDS —GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H:O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Indust-ial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649 


Granule Sizes: 2, 4, 6, 8, 10-20 and mins 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 











Albcrene Perchloric Hoods in Research Laboratory, International Nickel 
Company, Inc., Bayonne, New Jersey 


ALBERENE 
FUME HOODS 


make Perchloric Acid 
handling safer! 


Want to reduce the worry in using perchloric acid 
in your laboratory analyses? Now Alberene Stone 
Corporation offers you fume hoods specially de- 
signed to reduce hazards in working with perchloric 
acid... specially designed to give you greater safety. 
And for prompt advice on any of your laboratory 
fume problems write to Alberene Stone Corporation 


of Virginia, 419 Fourth Avenue, New York 16, N. Y. 


Or better yet—visit our nearest Alberene branch office. 


— 


™— 


> 
D ~~ 
FREE REPRINTS % Pa, 7 
of an article giving helpful hints on = y 
safe handling of perchloric acid are / 
yours for the asking. Just write today / / 
tterhead. {~ 
on your company letterhead Ten / 
a 


ALBERENE STONE 


Branches in Principal Cities 
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Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, $ 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanyiglycine, Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1|-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Cernosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol; a-Chioralose; 8-Chloralose p-Chlorosnilidophos. 
phonic Acid; p-Chi ib te; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropyl Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid;  Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
0-lodosob ic Acid; | bic Acid; Isocitric Acid; Isocytos‘ne; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthel Glucuron- 
ide; §-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chlorcethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protecatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbemidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol; 
y-Tecopherol; 8-Tocopherol Phosphate; +-Tocopherol Phosphate; 
Trigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin B12. 




















Ask us for others! 
DELTA CHEMICAL WORKS E | 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 4 
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Wow avadable... PALO 


HE inulti-purpose 


SHAKER 


adjustment of the clamp angle. The 
mechanical action almost duplicates 





















“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justified criticism 

of the work of the latter—and I include myself— 

has been their failure to recognize the contribu- 

tions of others in the field. Now that the Index 

is available your reviewers can crack down on 

those in the future who skim over this essen- 


tial of good scholarship.” 
from a letter to the Editor 


The 25 Year Cumulative Index to the JOURNAL OF CHEMICAL 
EDUCATION is not a compilation of the annual indexes. It’s a 
completely new index made from a study of each issue pub- 
lished since January 1924. This Cumulative Index is a veri- 
table bibliography of the entire field of chemical education. 
It's a source book of ideas for the teacher and the chemist in 
industry alike. If you have access to the JOURNAL, you need 
a copy of the Cumulative Index. Order it today. 









combines versatility and economy 


The Palo Multi-Purpose Shaker is 
designed to carry a wide variety of 
containers including various sizes 
of volumetric, Erlenmeyer and 
Florence flasks, Phillips beakers and 
bottles. Test tubes of different sizes 
may be efficiently shaken by a simple 


hand-motion, cutting breakage to 
the minimum. 


@ Rheostat full speed control 

© Cut-off switch timed up to 30 
minutes. 

@ By-pass switch permits 
continuous operation 

@ 110 volts, AC-DC 


PALO 


Fermeriy Palo-Myers, inc 






81 Reade Street @ 


§ 3 P 00, ostPAID 


Journal of 


CAPACITY up to 
5—500 ml flasks 


SIZE: 
Base 12” x 9” 
Height 15” 


$89.50 


Write for 
Descriptive 
Bulletin 


See Your Regular Supply Dealer 
or Write Directly to Us. 


LABORATORY SUPPLIES, Inc. 


New York 7, N.Y. 


($3.50 foreign) 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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CLEARLY the best! 


Haemo-Sov’s sparkling clarity means minimum rinsing for 

“C.P.” surfaces. Delicate tests call for the chemically 
pure glassware assured by HaEmo-Sov’s ready solubility 
and complete rinsability. HAEmMe-SoL is economical, 
too, because the solution is 100% effective and 
may be re-used repeatedly. Will not etch glass. 





For more complete cleansing 
without residue — use HaEMo-Sot. 


Literature and samples on request. 
Write us regarding your specific 
cleaning 











increasing numbers of scientists have saved 
both time and money by buying all their 
chemical requirements from one source — we 
invite you to try our service. 































"sy 
“ 
LABORATORY REAGENTS 
Alkaloids Dehydrating Gums Starches 
Bacto Media Agents Metals Sugars 
Balsams Dyes Oils Test Papers 
Botanicals Elixirs Resins Tinctures 
Cements Enzymes Resinates Waxes 
. Extracts Solvents 
For efficient service—specify 
AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 
—J | —— 
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APPARATUS 
EQUIPMENT 





Amino Acids 
Enzymes 

Hormones 

Peptides 

Peptide Intermediates 


N'5 Labeled 
Amino Acids & Peptides 
Research Biochemicals 


RESEARCH 
LABORATORIES 


136 Liberty St. New York BEekman 3-5863 





CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 











4-Hydroxy, 3-Methoxy 
Cinnamie Acid 
Ferulic Acid 
Tech. and C. P. 
AMERICAN BIO-SYNTHETICS CORP. 
710 W. National Ave. 
Milwaukee 4, Wisconsin 








N-Methyl-sec.— Butyl Ketone 
b-Mercaptoethylamine HCl 
N-Propyl-sec.—Buty! Ketone 
N-Propyl-iso— Butyl Ketone 


EDCAN LABORATORIES 


SEQUEX 


Consecutively-Numbered 
Self-Adhesive 


LABELS 


ideal for placing an identifying number on each 


item to be used in lecture demonstrations 


FOR wa 
INDEXING HOR 


Fine for Photographic 7 
. f Wy 
Transparencies p% CY, 


You will find many uses for these 
convenient labels 
Sample on Request 
1-1000 $4; 
Address Label Dept. 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty St. 


1-500 $2.50; 

















Most Comprehensive 


SPRAY DRYING 
LABORATORY 


available for tests & product evaluation 
FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


BOWEN ENGINEERING, INC. 


NORTH BRANCH, N. J 



















Recognized Leader in Spray 
Dryer Engineering Since 1926 





1=5000 $13 


New York 6, N. 7. 








MAGNETIC $4995 
STIRRER 


No Chrome « No Gadgets + Strictly Utilitarian 
Alnico Magnet « Switch » Metal Case 
JAMES INSTRUMENT COMPANY 
P. O. Box 757 Newark 1, N. J. 











YOU, TOO, CAN USE 

CHEM ED BUYERS’ GUIDE 
Manufacturers, suppliers, and distributors of 
chemical laboratory equipment and material, 
faced with the problem of promoting one cr 
more products which do not lend themselves 
to inclusion in the company’s principal ad- 
vertisements, or which do not justify the use 
of more advertising space, find these small 
units offer just the right size and place for 
publicizing that extra or special item. Here 
is YOUR ideal opportunity to sell that ‘'mar- 
ginal” or miscellaneous article or that new 
gadget! 








Box 489, South Norwalk, Conn. 
CHEMICALS 
R A R METALS 
MINERALS 
MANUFACTURERS OF RARE CHEMICALS 
Send for Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38,N. Y. 


GLASS BLOWING 
by Experts 


According to specifications for chemical, medical 
Industria! RESEARCH LABORATORIES 
Please ask for eur quotation 
LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31,N. Y 





























Delivers GEARED 

POWER - no 
loss of torque...at 
the two speeds 
you need! Fully 
enclosed, non- 
sparking, fan 
cooled...you may 
expect TEN years 
service! Ask ANY nationally 
known chemical laboratory or 
university organic depart- 
ment. 


. for every dlinnring need! 
° ORDER NO, JC9-7292 New WACO Powe 


Stirrer, for 110V. JC. Two 14” shafts, 300 and 
600 RPM $23.75 








Chuck $1.25 extra, No. JC10-7292 


LABORATORY SUPPLIES AND CHEMICAL 


ILKENS- 


NDERSON 


b CHICAGO Sitti 
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NOW OVER 5/00 
CHEMICALS 


© Dimethylcarbamy} 
Chloride 
e 2,2-Dimethylethylene- 
imine 
1,1-Dimethylethylene 
xide 
1,2-Dimethylnaphthalene 
1,5-Dimethylnaphthalene 
5,6-Dimethyl-1,10- 
phenanthroline 
Dimethylpyrone 
2,4-Dimethylpyrrole 
2,5-Dimethylpyrrole 
2,4-Dimethylquinoline 
Dimethyltelluronium 
Diiodide 
2,6-Dimethylthianthrene 
2,4-Dimethylthiazole 
Dimethyl Zinc 
a,a'-Dinaphthyl 
8,8'-Dinaphthyl 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


P/ aboralorues. Ine. 
17 West 60th St. New York 23, N.Y 
Plaza 7-8171 
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“A hreasure house 


for those who take pleasure in coming 
into intimate contact with the lives of 
great people . . . a wealth of pictures 
and original material ... It stimu- 
lates, encourages and leads its readers 
on toa more careful study of science.” 


The Science Teacher. 
$4.00 


Chemical Education Publications 
2000 Northampton Street 
Easton, Pennsylvania 


578 pages 300 1TIlus. 
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Barnstead 


STILLS 


For those who need 
the highest purity dis- 
tilled water, free from 
all types of impurities, 
including organic and «fi 
colloidal impurities, 7 j 
and bacteria, the Barn- 

stead Water Still is 

the sure, proven, dependable answer. 
Capacities 1 to 1000 gallons. Write 
for Catalog F. 


Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 
that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity 5 to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 







PURE 
WATER 


for the 


LABORATORY 












Boston 31, Mass. 


B53) 


| warnstead 














@ ACID WASHED 

@ INDIVIDUALLY TESTED 

@ Fired-cx DISC WILL NOT CRACK 
ON IGNITION 

@ PRECISION CONTROLLED POROSITY 


Each crucible is individually tested 
for flow rate and pore diameter. 


COORS 


U.S.A. 
Porous Bottom 


CRUCIBLES 


Obtainable from your 
laboratory supply dealer 
WRITE FOR BULLETIN 


Coors PORCELAIN COMPANY 
lele)Re) i, mage ke) F.\ele) 






























Klett .... 


Photometers 











Klett-Summerson 


Photoelectric 
Glass Cell 
Colorimeter 


No. 900-3 





No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 





————KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETI REAGENTS 











K/ett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. 
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Top 


LD 
Laboratory, APPARATUS 


Polyethylene Funnels 


Minimize 
Costly B reaka ge 


Because these exclusive Machlett funnels 
are made of the wonder material, polyethylene, 
they are unbreakable and offer long run dollar 
savings far in excess of their cost. Unlike 
glass, metal or porcelain, polyethylene funnels 
are resilient and will not shatter, chip or lose 
their shape if accidentally dropped or knocked 
about. 

Odorless, non-toxic and chemically inert 
Machlett polyethylene funnels withstand strong 
acids, alcohols and alkalis and can be used 
with solutions heated up to 219° F. 


Order from Machlett today. 


$36-851 Polyethylene Funnels 
Outside Diameters 
Top Bottom Stem 


of Stem of Stem Length Each Dozen 
= %” 3%” se > $15.00 
+i” 5%” 334° 14.00 
1” %” 15%” hy ‘3 12.50 
Te” ts” - 1.00 10,00 


>3rd Srreet: New Yor« 10,N.Y. 


SUPPLIES . CHEMICALS 





2nd Edition. . revised, reset and enlarged 
POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


This new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miiller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic. potentio- 
metric, and polarographic methods. 


Various types of current observed in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried out in any student laboratory. Dr. 
Miiller shows how to distinguish between 
these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non-polarizability of an elec- 
trode. 


Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 


Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 
struction of such apparatus are given in 
the book. 

209 pp. illustrated $3.50 


vase CHEMICAL EDUCATION PUBLISHING CO. as» 


EASTON, PENNSYLVANIA 
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thermo 


Visit 
Inter: 


READY FOR A LONG BATH IN 


Time was when laboratory people 
expected any reactive solution to re- 
move the colored filler from the lines 
and numbers of their thermometers. 
Without the colored filler it was difh- 
cult to read the instrument —the best 
answer was to rub crayon into the 
lines, and hope the solution wouldn’t 
be contaminated too much. 

Now, no laboratory worker needs 
to put up with this nuisance, because 
Kimble has developed a new filler 
which becomes an integral part of the 
thermometer glass. This filler is as 


Visit our Booth, No. 408, at the 
International Chemical Exposition, 
Philadelphia. 


permanent asglass itself. Now, Kimble 
thermometers can be immersed in 
powerful organic solvents and in- 
organic solutions for a long time, yet 
the lines and numbers will stay crisp 
and easy to read. 

These new Kimble Exax thermom- 
eters are made in a variety 
including those specified by the 
American Society for Testing Materi- 
als. Kimble Exax thermometers are 
one more of the many Kimble con- 
tributions of engineered glass prod- 
ucts to the nation. 


Kimble Serves —with Glass 


S 


BOILING ACID 


‘ 


KIMBLE PRODUCTS 


Custom-made Bottles... Pressed Glass- 
ware... Clinical Glassware... Opticlear 
Vials ...Television Bulbs... Communi- 
cation and Power Insulators... Color- 
Break Ampuls...Insulux Glass Blocks... 
Laboratory Glassware ... Thermometers 
and Hydrometers... Towel Bars... 

Glass Rod and Tubing... Chemically 


Resistant Glassware 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 































Get Constant, Uniform 


2 inch thick 
Glass Wool 
Insulation 
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of Chamber 


_Raised usable 
~ lower shelf 




















Thermostat 
«Control Knob 


Automatic 
>  Anticipator Control 




















Sealed Capsule 
Thermostat 


Fresh Air Inlet 








Temperature re- | 
corder chart of 
the oven shows 
the close control 
—within + 0.5°C. 
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Heat Distribution cz Siw Ebr 82} 5) 


Isotemp 


The Fisher Isotemp Oven is a well-constructed, gravity- 
convection oven that provides both constant temperatures 
and uniform heat distribution throughout the entire oven 
chamber. The temperature within the oven can be set for 
any degree within the range of 35° to 200° C. and a sensitive 
thermostat maintains the temperature of the oven chamber 
within +0.50 C. 


Isotemp oven chambers are constructed entirely of heavy 
sheet aluminum. A safety door latch releases automatically 
should any abnormal pressure be built up in the chamber. 
The interior is corrosion-resistant and the exterior is attrac- 
tively finished in smooth gray and black hammertone. 


3 MODELS AVAILABLE 


Forced Draft Model.. Chamber 10%” wide, 12” high, and 122" deep 
Regular Model... Chamber 12” wide, 12” high and 12/2" deep 
Senior Model ... Chamber 18” wide, 18” high and 15” deep 


WRITE FOR NEW BOOKLET FS-230-X 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies at PITTSBURGH, NEW YORK, ST. LOUIS, 
WASHINGTON, MONTREAL and TORONTO. For more information 
write: Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pennsylvania 


FISHERS? SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances and Reagent Chemicals 
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